








PUBLIC F 


Pw 
oh UNITED STATES DEPARTMENT OF AGRICULTURE HEY 
i BUREAU OF PUBLIC ROADS \ 














2OAD. 2 


tM aa ff 






















































































ADS > » » A Journal of 
PUBLIC RO Highway Research 
Issued by the 


UNITED STATES DEPARTMENT OF AGRICULTURE 
BUREAU OF PUBLIC ROADS 





Vol. 17, No. 10 





December 1936 





The reports of research published in this magazine are necessarily qualified by the conditions of the tests from which the data are obtained. 
Whenever it is deemed possible to do so, generalizations are drawn from the results of the tests; and, unless this is done, the conclusions 
formulated must be considered as specifically pertinent only to described conditions. 








In This Issue 


Determination of Coefficients of Friction of Sliding Bearings for Bridges 


Disposition of State Motor-Fuel Tax Receipts, 1935 . . . . ew we ew ww ww 6 62B 
Disposition of State Motor-Vehicle Receipts, 1935 . 2. 2. 2. 2. 2. 2... ee... 40 
Disposition of State Motor-Carrier Tax Receipts, 1935... (eee een ct > Oe 


Disposition of Receipts from State Imposts on Highway Users, 1935 


























THE BUREAU OF PUBLIC ROADS - - - - - - - «= «= Willard Building, Washington, D.C. 
REGIONAL HEADQUARTERS - - - - - - - - = = Federal Office Building, Civic Center, San Francisco, Calif. 









v 


DISTRICT OFFICES 
1. Oregon, Washington, and Montana, DISTRICT No 















DISTRICT No. 





. 8. Alabama,{Georgia, Florida, Mississippi, and Tennessee. 







Post Office Building, Portland, Oreg. Post Office Building, Montgomery, Als 
DISTRICT No. 2. California, Arizona, and Nevada. DISTRICT No, 9, Connecticut, Maine, Massachusetts, New Hampshire, New 
Federal Office Building, Civic Center, San Francisco, Calile Jersey, New York, Rhode Island, and Vermont. 
. . 505 Post Office Building, Alt N.Y. 
DISTRICT No. 3. Colorado, New Mexico, and Wyoming. si teiccciacicets ane 


237 Custom House, Nineteenth and Stout Sts., Denver, Colo © DISTRICT No. 10. Delaware, Maryland, Ohio, Pennsylvania, and District 


DISTRICT No. 4. Minnesota, North Dakota, South Dakota, and Wisconsin. of Columbia. 
907 Post Office Building, St. Paul, Minn. 
DISTRICT No. 5. lowa, Kansas, Missouri, and Nebraska, 
Saunders-Kennedy Building, Omaha, Nebr. 
e —ae 
DISTRICT No. 6. Arkansas, Louisiana, Oklahoma, and Texas. DISTRICT No. 12. Idaho and Utah. 
Room 502, United States Courthouse, Fort Worth, Tex. 


; = ; : DISTRICT No. 14. N Carolina, S ‘arolina, Virgini d West 
DISTRICT No. 7. Illinois, Indiana, Kentucky, and Michigan. ISTRICT No, 14. North Carolina, South Carolina, Virginia. and 


Virginia. 











Willard Building, Washington, D 
DISTRICT No, 11. Alaska. 


Room 419, Federal and Territorial Building, Juneau, Alaska 


Federal Building, Ogden, L 






South Chicago Post Office Building, Chicago, III. Montgomery Building, Spartanburg, 








_—_— 


Because of the necessarily limited edition of this publication it is impossible to distribute it free to any person or institution other 
than State and county officials actually engaged in planning or constructing public highways, instructors in highway engineeri 
and periodicals upon an exchange basis. At the present time additions to the free mailing list can be made only as vacancies occ ur. 
Those desiring to obtain Pustic Roaps can do so by sending $1 per year (foreign subscription $1.50), or 10 cents per single copy, 

to the Superintendent of Documents, United States Government Printing Office, Washington, D. C. 














CERTIFICATE: By direction of the Secretary of Agriculture, the matter contained herein is published as administrative information 
and is required for the proper transaction of the public business. 






















DETERMINATION OF COEFFICIENTS OF 
FRICTION OF SLIDING BEARINGS 
FOR BRIDGES 


BY THE DIVISION OF TESTS, BUREAU OF PUBLIC ROADS 


Reported by GEORGE W. DAVIS, Associate Engineer of Tests 


XPANSION and contraction in bridge superstruc- 

tures are generally provided for by means of bear- 
ings at one end which permit the structure to move 
longitudinally with respect to its supports. For the 
smaller structures, these bearings are frequently of the 
sliding type in which a metal sole plate, rigidly con- 
nected to the superstructure, slides on a metal bearing 
which is rigidly connected to the substructure. The 
efficiency of these sliding bearings in preventing tem- 
perature stresses in the superstructure and overturning 
forces in the supporting substructure is inversely pro- 
portional to the frictional forces developed between the 
moving parts of the bridge. 

As early as 1922 the Bureau of Public Roads, realiz- 
ing the paucity of reliable test data as to the magnitude 
of these frictional forces, considered making an investi- 
vation. Some preliminary work was done in 1925 and 
in 1929 a more comprehensive series of tests was inaug- 
irated. This program of tests, after several interrup- 
tions, has finally been completed and is made the sub- 
ject of this report. 

The coefficient of friction for sliding bearing plates 
was determined under varying pressures comparable 
to those usually employed in bridge design. Lateral 
pressure to cause slip was applied slowly and uniformly 
and the amount of movement at each slip was such as 
to approximate closely that caused by temperature 
changes in the field. 

In making these tests several variables were con- 
sidered, namely: 

|. Materials. 

Bearing pressures. 

3. Surface finishes. 

!. Direction of movement in relation to the direction 
in which the plates were finished. 

>. The effect of lubrication. 

. The effect of rust. 
_ «. The effect of electrolytic action on unlike materials 
in contact in the presence of salt water or salt air. 

EvFECTS OF SEVERAL VARIABLES STUDIED IN INVESTIGATION 

\ more detailed discussion of the consideration given 
these variables follows. 

Materials — Fourteen different materials were used 
hese tests. 
ronzes: 

Bronze A, A.S.T.M. 
Bronze B, A.S.T.M. 


in 


Specification B22 

Specification B22 

Bronze C, A.S. T. M. Specification B22—21, class C. 

Bronze D, A.S. T. M. Specification B22-21, class D. 

Phosphor bronze E, A.S.T.M. Specification B22- 
21, class A.! 


21, lass A. 


| 


-21, class B. | 


Phosphor bronze F, A.S.T.M. Specification B22- | 


21, Class B.' 


se materials as furnished were cold rolled and were classed by the manufacturer 
hor bronze. They actually contained less phosphorus than bronzes A, B, C, 


iT} 
asph 
and D. 


107715—36——-1 


99 


Lead bronze 22 (approximately 22 percent lead). 
Lead bronze 17 (approximately 17 percent lead). 
Lead bronze 8 (approximately 8 percent lead). 

Steels: 

Cast steel, A.S.T.M. Specification A27—24, class 
B, medium crade. 

Rolled steel, A.S. T 
structural steel. 

Stainless steel. 

[rons: 

Malleable, A. S. T. M. Specification A47-30. 
Cast, A.S.T. M. Specification A48-—29, heavy cast- 
ings. 


.M. Specification A7-29, 


S 


The physical and chemical properties of these ma- 
terials are shown in table 1. 

2. Bearing pressures.—Tests were made under unit 
bearing pressures of 250, 500, 750, and 1,000 pounds per 
square inch. 

3. Surface finishes 
the test specimens. 

Planed finishes: 


Six surface finishes were used on 


P.—A coarse-planed finish produced by using a 
round-nosed tool with a radius of \{. inch, 
at a rate of 45 cutting strokes per minute, 
with a lateral feed of 0.018 inch per stroke, 
and taking a cut of %, inch. This pro- 
duced a somewhat coarse, striated finish. 
medium-planed finish produced with the 
same tool at the same rate and taking the 
same cut as above but using a lateral feed 
of 0.009 inch per stroke. This ‘produced 
a medium smooth finish. 

smooth or fine-planed finish produced 
witb a flat-nosed tool % inch wide, used at 
a rate of 45 strokes per minute, with a 
lateral feed of 4% inch per stroke, and 
taking a cut of 0.002 inch. 

Rolled or planished finish: 


R- 


i 
~ 
a 
— 


Plates were finished as under Py with a flat- 
nosed tool and then rolled with a hardened 
steel roller %; inch wide and 2% inches in 
diameter rigidly bolted to the head of the 
planer. The feed of this roller was \ inch 
per stroke and the rate 26 strokes per 
minute. The roller, with its face set 0.005 
inch below the surface of the specimen, 
was fed in \-inch increments once trans- 
versely across the specimen. During this 
passage of the roller across the test plate 
all portions of the surface were rolled 
twice longitudinally, once on the forward 
stroke and once on the reverse stroke of 
the planer head. The roller was then 


depressed an additional 0.005 inch and 
223 
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TABLE 1.—Chemical composition and physical characteristics of materials tested 





CHEMICAL COMPOSITION ! 








Bronzes 
a a Phosphor 
~~ » ne ) a) ») 9 U 
A.S. T. M. Specification B22 -21 heceee 
cased = | ae 
\ B ( D } i F 
Copper, percent................ 79. 45 81.95 80.17 87.43 89. 20 94. 30 
| Hees 19. 87 17.17 10. 66 10. 30 10. 55 5. 16 
Lead, percent........ ciehemnniniamnell 0. 05 0. 10 8. 47 = 4 eee 
i éccnceakecconakoun ~ ; tt 2 3 a 
"SRS 0. 23 0. 18 0.15 3 3} Ghee eee 
Phosphorus, percent_........-- 0. 40 0.35 0. 55 0.15 | 0.09 0.14 
All others, percent__.........-.-- aed 


a | ae | 0. 16 0. 40 


Carbon, percent 
I RNID. 6 ccnnacacnuee lomeswun 
Manganese, percent 
Silicon, percent__--. ~~ _- 
Chromium, percent. ...........|....-.. 
Nickel, percent_._......--- 


Steel } Tron 








PHYSICAL CHARACTERISTICS : 





Compression: 
Deformation limit, pounds 
per square inch_..........| 30,61 
Permanent set in 1 inch 
under 100,000 pounds per 
SUGGS MGR. ccccccceecce 0. 136 0. 190 0. 378 0. 268 0. 124 0. 185 
Tension: 
Yield point, pounds per 
square inch__._..--- 5 , 19, 225 | 17,330 | 18,050 | 27,630 | 28, 520 
Tensile strength, pounds 
per square inch. __.--- 27,920 | 29,590 | 18,460 28,820 | 77,740 | 67. 660 
Elongation in 2 inches, per- 
aS F a 0 1.00 1.75 11.00 28. 00 21. 00 
Reduction in area, percent 
Transverse tests: 
Deflection under 2,000 
pound load, inches. - -- 
Breaking load, pounds 


, 530 11, 000 10, 540 28, 385 6, G10 





1 Chemical compositions shown are from analyses of materials used 
2 All physical data for stainless steel obtained from manufacturer. 
3 Cracked at 90,070 pounds per square inch. 
4 Cracked at 97,800 pounds per square inch. 
5 None apparent before rupture. 
¢ Proportional limit. 
once more passed transversely across the 
specimen and back again, thereby sub- 
jecting all portions of the surface of the 
test plate to four additional longitudinal 
rollings. This finish removed practically 
all traces of the tool marks left by the 
planed finish. 
C.R.—The cold-rolled finish as produced by the 
manufacturer of the plates. 
M—A milled finish produced by using a spiral 
mill 4 inches in diameter, 5 inches long, 
with a 25 degree angle, 10 teeth, and a 
10-inch rake. Operating at a spindle 
speed of 92 revolutions per minute, 9 
lateral feed of 115 feet per minute, and a 
% inch cut, this mill produced a very 
smooth finish. 
4. Direction of movement.—Three variations in direc- 
tion of movement were used in these tests (fig. 1). 
M,—The direction of movement and the direction of 
finishing cuts of both plates were parallel. 
M.—The directions of finishing cuts of both plates 
were parallel and the direction of movement 
of the plates was at right angles to the 
finishing cuts. 
M;—tThe directions of the finishing cuts of the test 
plates were at right angles. 
5. The effect of lubrication.—Selected combinations of 
plates were tested both with and without lubrication. 


6. Effect of rust—Cast iron specimens were exposed | 


to weather until well rusted and then tested to determine 
the effect of rust. 


Lead bronzes Cast, Rolled ‘ 
AS. 7. M.| ee Malleable, , Cast, 
—_ . a27-24, |A-S.T-M.)  staintess |A.S.T. M.|A-S.T.M 
i class B, A7-29, A47-30 448-29, 
22 per- | 17 per-| 8 per- | medium structural heavy 
cent cent cent 
70. 38 75. 70 82. 00 
5. 36 4,96 9. 06 
22. 33 16. 90 8. 37 
1. 68 2. 21 0. 24 
0.14 0.14 0. 21 j hcaa G weiatcaleinddisie tis cliieareeiaon 
ae 0.42 0.011 0. 028 
0. 10 0. 09 0.12 RS, eee 
nen ( ; _ 3.2 
0. 052 0. 031 0.03 M | 0. 004 
0. 48 
0. 54 
17. 30 7 
1, 62 
9, 430 iy SN 
Om 14 ») 
14, 3 14, OOF ht { s 9. 2 > 1) OOF 4 
21, 250 2 « 670 2 6, 7 79, 000-93, 00K 48 x 
13. 00 M 3. O { 68. 0 ( 17 


7. Electrolysis —The electrolytic action of staink 
steel in contact with bronze and subjected to a s: 
solution and salt air was investigated. 

Table 2 gives a summary of the conditions und 
which the tests were made 


PRECAUTIONS TAKEN TO INSURE EVEN APPLICATION OF BEARI> 
PRESSURE AND THRUST 


The coefficients of friction of the various materi:!s 
were determined by means of a special apparatis 
designed and built by the Bureau. This device was 
used in conjunction with a universal testing mac! 
and is shown schematically in figure 2. It cons 
essentially of a hydraulic jack for applying horizo1 
thrust, a calibrated beam for measuring this thrust, «nd 
the necessary steel framework for holding the various 
parts and the test specimens in their proper rela 
positions. 


Vertical loads or bearing pressures 

applied by means of the universal testing mach ne 
transmitted through two heavy car springs a! 

spherical bearing block. Two movable test ples 
4 by 4 by % inches, and two fixed plates, 4 by 4' by 
% inches, were used in each test. The two fixed p!. tes 
were encircled by the steel frame, which supported thi 
calibrated beam that served as a reaction for th 
hydraulic jack. The two movable plates were ins: ‘ 1 


the top and bottom of a cylindrical movable men \e!, 
which was free to move under the thrust exerted b) the 
hydraulic jack. 
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_— DIRECTION OF MOVEMENT 





FIGURE 1.— RELATION OF DIRECTION OF MOVEMENT TO DiREC- 
TIONS OF FINISHING CuTS FOR BEARING PLATES TESTED. 
TABLE 2.-— Materials and finishes used, direction of movement, and 

other test conditions 


g 2 |° 
3 Combination of Finishes used Direction of S ¢ : 
on material ovement cz gS 
aah } Z 

] \ \ P< Px Py M R 2 Ul 

2 B B Pe Pa Py M R Ul 

; ( C Pco| Pa | Pr | M|R I UL 

i D DD I Pa Pr M R l 2 UL 

A B Py ] { 

6 N Cc Py | I 

7 4 D Pr l { 

S B Cc Py ! { 

’ B I) Py 1 ( 

10 ( D Pr 1 | 

| 4 ©.8 Py Mi R l Ul 

2 B C.8 Py | { 

C Cc. Ss Py { 
{ D 6.8 Py | M/R Ul f 
A K.38 Px I Py Nl Ul 5 
f B R.S Pr | M l { 
( R.S Pr | M | { 

‘ LD R Px Pa Py M l UL s 
Cc.8 ( P Py M 1 UL ‘ 
C.8 R P Py M l Ul 
R.5 R P Py M l Ul ‘ 
M. I M. I Py M l UL i 
M.I ( I Py N { 2 
C.] C.i Py M l ( i 
Go. M. I Py M l { < 
SC. o.3 Py M l | 
R.S M.1I Pe | M l l 
R.3 C.] Py N { 2 

Poe . Ba | ( I l { 
ee L. B. 22 I { 
As P. B. I I C.! { 
LEB L.B..w) { 
L.B.17 L. B. 17) 1 { 
LB.8 L.B.8s |} { 
L.B.22 Sstl.S I { 
Stl. S. ( I { 
rotal . 
irfaces rusted. 
ymbols apply to but 1 
I ymbols used are explained follow 
letals 
A= Bronze A, A. 8S. T. M. specification B22-21, class A 
B=Bronze B, A. 38. T. M. specification B22-21, class B 
C= Bronze C, A. 8. T. M. specification B22-21, class C. 
C. I.=Cast iron, A. 8S. T. M. specification A48—29, heavy 
C. 8.=Cast steel, A. 8. T. M. specification A27-24, class B med 
D=Bronze D, A. 8. T. M. specification B22-21, class D. 
M. I.= Malleable iron, A. S. T. M. specification A47-30 
L. B. 22= Lead bronze 22 percent 
L.. B. 17= Lead bronze 17 percent 
L. B. 8= Lead bronze 8 percent 
P. B. E.= Phosphor bronze, A. 8. T. M. specification B22-21, class A 
r. BF Phosphor bronze, A. 8. T. M. specification B22-21, class B 
R. S.= Rolled steel, A. S. T. M. specification A7-29, structural 
Stl. S.=Svainless steel. 
ish: 
Pc=Coarse-planed finish 
P= Medium-planed finish. 
Pr=Fine-planed finish. 
M = Milled finish. 
= Rolled or planished finish. 
C. R.=Cold-rolled finish as manufactured. 
ection of movement: 
1—Movement and finishing cuts parallel. 
2—Finishing cuts parallel, movement normal to direction of finishing cut 
Finishing cuts at right angles 
rication 
U = Unlubricated 
| rests were made with both lubricated and unlubricated plates 
e operation of the apparatus was as follows: The 
movable member with its two inset movable plates was 


Placed between the two fixed plates. The desired 


bearing pressure was applied to the contact faces of the 
test plates by lowering the head of the testing machine. 
Hor:-ontal thrust was then applied (by means of the 
hyd ulic jack) to the movable member at a point 
midway between the contact faces of the two pairs of 


lest plates (fig. 3). The magnitude of this thrust was 








VERTICAL 
LOAD 
| 


MOVING HEAD 
VZZzZ ' j 






>>> 
Ke Z2Z27 222 


YLINDRICAL 


MOVABLE MEMBER—T~ t 
= is Ka | 
y 
\ SLLLLELEL LY ~~ “CALIBRATED 
AOVABLE PLAT LES 4 ji BEAM 
FIXED PLATE REE NI 
Seas SOS ° nes 
i 
{ 4 
FIGURE 2.—SCHEMATIC DRAWIN or Apparatus USED To 


DETERMINE COEFFICIENT OF FRICTION. 

indicated by the deflection of the calibrated beam. Since 
the two fixed plates were \ inch longer, in the direction 
of thrust, than the two movable plates, it was possible 
for slip to occur and still maintain full contact between 
the faces. 

The hydraulic jack was activated by a booster (a 
long-stroke, small-bore cylinder and piston) similar to 
those used in pressure lubrication, the system being 
first filled by means of a conventional hydraulic pump. 
The use of the booster to apply the final pressure to 
cause slip allowed a steady pressure to be applied with- 
out the pulsations usually caused by the strokes of a 
pump. The interposition of the two heavy car springs 
between the head of the testing machine and the bear- 
ing blocks prevented oscillation of the beam of the 
testing machine during tests. 

The deflection of the calibrated beam was measured 
by means of a micrometer dial graduated to \%o909-inch 
divisions, one division on the dial being equivalent to 
22 pounds of thrusting force. Inasmuch as the hori- 
zontal thrust measured by the calibrated beam was 
forced to overcome the friction existing between the 
contact faces of the two pairs of test plates under 
known unit bearing pressures, the thrust applied to 
each pair of plates was only one-half of that indicated 
by the dial reading 

The total thrusts required to overcome the initial 
frictional resistance under each of the unit bearing 
pressures were used in determining the coefficient of 
friction. 

Definitions of the nomenclature used in this report 
are as follows: 

Slip.—A single movement of the movable plates 
under lateral thrust W hile subject to some known bear- 
ing pressure was termed a slip. 

Test.—A test comprised 15 sets of 20 slips, i. e., 300 
independent slips under each of the unit bearing pres- 
sures used, other variables such as materials, finish, 
direction of movement, and state of lubrication being 
constant. ' 

Test Sé rie Ss 


A test series is composed of all tests 
made of any one combination of materials under vary- 
ing conditions of finish, direction of movement, and 
state of lubrication 





INVESTIGATION INCLUDED STUDY OF UNLUBRICATED, LUBRICATED 
AND RUSTED PLATES 


Tests of unlubricated plates.—Iu all tests the two mov- 
able plates were 4 by 4 by % inches and the two fixed 
plates were 4 by 4% by % inches. 
surfaced plates were used. Before testing, the plates 
were thoroughly washed in naphtha to remove surface 
grease, moisture, or any foreign matter. The plates 
were then inserted in the testing apparatus and a bear- 
ing load of 4,000 pounds (250 pounds per square inch, 
on the 16 square inches of contact area of the plates) 
was imposed by lowering the head of the testing ma- 
chine. Thrust was then applied through the hydraulic 
jack by means of the booster until slip occurred. The 
point of slip was considered to be that point at which 
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In each test newly | 


the needle of the micrometer dial started to recede. | 


Successive thrusts were applied and readings noted until 
a succession of 20 slips had been recorded. Each set 
of 20 slips caused a shifting of the movable plates over 
the fixed plates of approximately }s inch. 


After each set, the plates were removed, rinsed in | 


naphtha, turned horizontally through 180 degrees and 
replaced in the apparatus. The plates were thus kept 
free from lubricant and were subjected to sliding in 
opposite directions as would be the case in actual service. 
After 15 sets of 20 slips the bearing pressure was increasd 
to the next higher value. The schedule just described 
was carried out for bearing pressures of 250, 500, 750 


constituted one test, the plates being resurfaced before 
being used again. 

In every case where seizure was apparent the fact was 
noted, in order that the percentage of movements or 
slips in which seizure occurred during the course of each 
test might be determined. 
either by audible chattering or by jumping of the plates 
as indicated by the micrometer dial. The thicknesses 
of all plates were measured by means of micrometer 
calipers at four points both before and after each test. 

Tests of lubricated plates —The procedure followed in 
making tests of lubricated plates was identical with that 
used in testing unlubricated plates with the following 
exceptions. After the newly surfaced plates were 
washed in naphtha a thin coating of graphite cup grease 
was applied to their contact faces. They were placed in 
the testing apparatus and a bearing pressure of 4,000 
pounds, or 250 pounds per square inch, was applied. 
The plates were slid in successive slips once across the 
fixed plates to distribute the grease evenly and to force 
any excess from between the plates. The plates were 
then removed, reversed, and successive slips were made 
as in the tests of unlubricated plates, but with the origi- 
nal coating of lubricant intact. 

Four cast-iron plates with the smooth-planed finish 
(Pr) and four with a milled finish (M) were exposed 
to the weather, including snow and rain, for 76 and 
56 days, respectively. This exposure produced a thick 
coating of rust. The plates were rubbed against each 
other with hand pressure to remove superficial rust 
and the friction tests were then made. The friction 
developed in both cases was so large that only the 
lowest unit bearing pressure (250 pounds per square 
inch) was applied. The shape were reversed between 
each set of 20 slips, and the rust loosened from the 
contact surfaces was lightly brushed off with a cloth 
between each series of slips. A comparison of the thick- 
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ness of these plates as measured before and after ex- 
posure to the weather and after friction tests had been 
completed indicated that the wear shown during the 
tests was caused by the loosening of surface rust, as 
no measurable reduction in original thickness was noted. 

The following procedure was adopted in determining 
the coeflicient of friction in each test. Curves were 
plotted for each of the four loadings, mean values of 
the total thrust necessary to overcome the friction 
existing on the 16 square inches of bearing surface, for 
each of the 15 sets of 20 slips, being used as ordinates, 
while the 15 sets were plotted at uniform spacings as 
abscissae. 


COEFFICIENT OF FRICTION REMAINED CONSTANT UNDER 
VARIOUS BEARING PRESSURES 


The averages of the mean values of thrust of the last 
10 sets (200 individual slips) were used in determining 
the coefficient of friction, the first 5 sets being con- 
sidered as adjusting or wearing-in values. These aver- 
ages were plotted on abscissa, proportional to the 
bearing pressures and a mean curve was drawn through 


| the resulting four points and the zero point. In all 


Seizure was determined | 


'cation. In the column headed 


cases this curve was a straight line, which indicates 
that the value of the coefficient of friction remains 
constant under varying unit pressures. The maximum 
and minimum variations above and below the mean of 


J; any set of slips were shown by the limits of the vertical 
and 1,000 pounds per square inch, respectively, and this | lines, drawn to scale, extending above and below the 


mean values as plotted. 

It obviously being impracticable to reproduce the 
curves representing all tests performed in this investi 
gation, typical curves developed in the manner just 
described are shown in figures 4, 5, 6, and 7. Th 
results of all tests are compiled in table 3 in ascending 
order of coefficients of friction for tests without lubri 
‘Average maximul 

variations from mean thrust’, the values shown were 
derived as follows: The average of the thrusting fore: 
necessary to cause movement for the last 10 sets o 
slips, or of 200 individual slips, under a unit bearing 
pressure of 500 pounds per square inch, was used as 
base. The maximum variations in thrusting force 
above and below the mean thrust for each of the last 
10 sets of slips were averaged and these two averages 
expressed as plus or minus percentages of the base. 

The values shown for the variations from mean thrust 


| are for the 500 pounds per square inch unit pressure 


only, as this value is considered to be a representative 
value for all loadings. Variaticns for the tests of 
lubricated plates are omitted. In the majority of 
cases the variation for the lubricated plates was greater 
than in the case of unlubricated plates. 

For the purpose of discussion, results for the !11 
combinations tested, as arranged in table 3 and excelid- 
ing the two tests of rusted plates (24-2 and 24-4) were 


+ 
I 
| 
I 


_ arbitrarily divided into three equal groups of 37 com- 


| binations each. 


These groups are designated 1, 2, «nd 
3, and contain the low, intermediate, and high value- o! 
the coefficient of friction, respectively. 

In determining the effect of lubrication on the v:.lue 
of the coefficient of friction between flat plates, data from 
77 tests both with and without lubrication were ay ail- 
able for comparison. Examination of the indivi: ual 


curves for each of these 77 tests gave the folle. ing 
indications. 
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TABLE 3.—Coefficients of friction and other data for the 
GROUP 1—LOW COEFFICIENTS O} 
Coefficient of Average max! 
friction mum variations I 
from mean 
é _ thrust; 500 
Series Sur ee pounds per 
ind test Metals use face hes ncoty quare inch 
number ! finish) Sent _ Jo = t oes me 
subr pressure’ no 1 1ubI 
cated lubri- Jubricatior é 
4 aa 
Percent Per u 
C-R.8 Py 1 2 1.0 
* L. B. 22-Sti. § P l .110 4, ( 2.4 
] c-<( Py ] oa A 4 
f C-St.58 Pu l Ll¢ 2.5 
7-2 C-R.S M l 18 3. 2 / 
é A-R.S Pr l 0. 121 23 ] 
8 A-R.5S M l 110 27 | 
6-1 B-R. 8 Py l 2s ¢ 
5 4 A-R.S Pm ] 122 28 r 
2-1 L. B. 22-L. B. 22.| Px ] 28 Ss 0. 00 
3 L. B. 17-L. B.17.| } l 30 0 2.7 MI , 
} P. B. E.-L. B. 22 Pu l 32 } 
{ L. B. 8-L. B.8 Py ] 132 H } 
6-2 B-R.§ M ] 2 7 f 
1-2 A-C.S Py 115 4 2. f * S X 
l A-( Pr ] 4 2 6 
f A-C.8 R l 23 13 2.9 
s-7-8 D-R.S M ] 108 135 7 l 
2-1 B-C.S8 Py ] 136 ) 2.4 
$-1-2 D-R.§ Pe 37 ‘ 9 ge” 
4 Cc~{ Pm 1 37 ; 
i A-C.S5 M l Ss 12 0 
2 A-R. § Pe 1 16 38 2.8 2 rite 
S A-A Pu 1 . 126 138 1.4 F 
A-B... Py ] 138 1.1 2.5 
B-¢ Py ] 139 1.8 2.4 
4-19-20 D-D M j 110 140 1.4 2. 1 
1-3-4 D-C.s M ] 110 14( 1.3 1.9 
lf A-A Py 2 162 143 3. 1 3.8 
29-30 A-A R 3 . 122 . 146 1.7 12 
1-22 D-D M 2 112 146 1.5 4.6 
3-24 D-bD M 3 . 122 146 1.5 1.6 
B-D Pr l 148 1.5 4.1 
+10 C-C R 1 2,185 148 1.4 1.9 
+-20 A-A M ] 107 148 G 1.8 
H B-B a 1 148 150 1.1 2.8 
8 C-( M l 164 0 l 2 
GROUP 2—INTERMEDIATE COEFFICIENTS 
2 D-C.Ss P 1 0.121 0. 150 0.9 y S| 
A-A P 3 . 139 150 3. 0 1.2 
16 C.§8.-C.§ M 2 . 136 150 4.0 4.5 001 
C.1.-C.I M 1 150 2.9 4.5 
2 A-A Px 3 132 . 151 1.2 9 
A-D Py I : 152 1.5 3.0 
-7-s D-D.. Pu 1 148 . 152 1.0 2.0 
a: Se ‘ Pr ] 128 152 1.3 1.6 
8. _.| A-A.. Pr 3 134 154 1.7 1.4 
24 A-A_. M 3 128 154 9 1.4 
* A-A : : R 1 . 146 157 : 2.3 
{ 24 C.1.-C I Pr 5, Sen cere 157 4.2 4.8 
> , ae ve : (F=( 
7 Px 1 - 132 . 157 15 ) M 02 
e 4 D-D Px 3 154 158 7.§ 1.9 00 
; Is pee. 6.24. Pa 1 134 158 2.4 4.0 001 
| c-C. Pr 1 3.190 158 1.4 2.4 
f 2 C. 8.-M. I M 1 - 158 4.7 7.0 
yh 8 D-R.S§ Py 1 118 . 159 1.0 2.6 
I A-A Pu 2 136] .161| 17.3] 75 (M=oo1 |} 
2 B-B Pe 1 144 . 161 2.1 I 001 
A “ a) - aaa Pr 1 144 . 162 1. 2.3 
“e .| M. L-M.I Pp 1 152 . 162 3 6.8 
a 2 A-A M 2 125 . 162 3 1.4 
8 C. 8.-C. 8.. M 3 144 162 8.8 6.5 
re P. B. F.-P. B. F.|C.R 1 162 3.5 2.8 
4 D-D Pe 1 . 130 163 1.9 1.4 
i- i ee R 2 124 . 164 2 3.2 
idl a0 C-D.. y ih ee 165 1.8 2.9 
. 4 i - __eS Prxr 3 162 . 166 1.2 1.5 
Ol 27 B-B.. M 1 121 . 167 1.2 1.8 
25- C. S.-M. I Pr 4 SE : . 187 4.9 3.7 
4-2 D-D R 2 130 168 2.3 5.3 
ue 31 P. B. F.-P. B. F.| Pn 3 . 170 2.7 2.6 . 
“ I Cc-C , Pi 1 . 161 172 9 5 | .002 
i. = »D Pu 2 . 142 72 7.9 6.5 i 1 I 
aa 2-9 B-B_. R 1 .132 | .172 1.6 9 
hal 4-2 D-D R 1 . 091 .172 1.6 1.9 
| 
slat rst number indicates series; remaining numbers indicate individual tests. Where 2 test numbers 
Nat 
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ibricant removed, coefficient of friction dropped to 0.170. 
bricant removed, coefficient of friction dropped to 0.152. 
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TABLE 3.—Coefficients of friction and other data for the various plates tested- 


GROUP 3 


HIGH COEFFICIENTS OF FRICTION 





Coefficient of 


Average maxi- 
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Continued 








friction mum variations Wear Seizure— Percentage of slips seized 
from mean 
Direc - — thrust; 500 — 
Seri Sur- |<: A ounds per 
ate | Metals used } iat tion of pn ond Lubricated nit bearing No ee n nit bearing 
number | finish; MOVe No | Unit bearing . pressure pressure 
| ment = Lubri- lubri- | Pressure; no | Lubri-) No lubrica 
| cated nati lubrication cated tion 
cation ae! 250 500 750 1,000 250 Ow) 70 1,000 
4 mae pounds, pounds’ pounds) pounds pounds pounds pounds pounds 
amon aga == — smd a & 
Percent | Percent | Inches Inches Percent | Percent | Percent | Percent, Percent Percent Percent Percent 
21-17-18. _| AY * M 3 0. 141 0.174 13. 2 12.0 i . 19 43 42 70 
_ . AS eS Se R l 110 174 | 2. —* Perea ‘ 
19-1- “2....| C.8.-C.S8.. Pc 1 . 150 174 8.7 3.2 | 0.001 0. 002 0 10 2e l ] 2 1 
nae a Se Pr 1 174 2.0 4.6 ty : aa 0 0 18 
 , | eS eae M l 174 6.8 2:3 ; 
20-2......| P. B. E.-P. B. E Pm 3 175 2.2 4.4 0 8 82 8 
21-15-16 R. S.-R. 8_- M 2 140 176 17.1 17.1 34 41 75 s 
22-3-4....| M. I-M.I M 1 135 . 178 8.6 5.9 31 40 49 
20-5-6....| C.8.-R.S M 1 130) . 182 11.6 7.8 49 76 75 7¥ 
27-2... R.8.-M. I M } . 182 7.5 5.3 52 63 78 71 
, -n R. 8.-M. LI. Pr l 183 14.8 9.6 43 62 77 79 
19-13-14. C.8.-C. 8. a M 1 134 186 12. 2 7.4 W1 5a) 55 76 80 
19-11-12..| C.8.-C. 8 Pr 3 145 187 19.8 10.6 | 2 12 69 83 g2 
4-15-16...) D-D-_-..- Pr 2 162 190 4.0 5.5 |----- ) 46 78 8 
19-5-6....| C. S.-C. S Pc 3 150 199, 16.7) 13.4] .001 {+ oe 10 l4 22 44 40 bt 
4-29-30...; D-D- R 3 134 194 2.0 3.5 0 26 63 
ap De E.-P. B. E.|C. R.! | : 195 8.4 7.6 0 2 3 
19-9-10...| C. S.-C. S. Pr 2 141 198 17.8 9.9 29 87 91 y 
ee C.8.-C.L. M 1 203 1.6 i 0 18 58 
" o | % > oe ‘ - (F=0 } 6 a ; 
4-17 18... D-D. Pr 3 176 2004 4) 10-4) Ne-.001; ) : 
20-1-2....| C.S.-R.S Pc 1 160 208 13.0 9.7 001 M2 10 ) 21 30 0 17 35 
4-13-14... D- D. ‘ Pr l . 144 210 4.7 9.5 on : 63 73 84 8 
21-5-6....| R.S.-R.S P 3 166 211 17.9 13.0 001 8 15 13 25 56 66 
21-13-14_.| R.S.-R.S M 1 13 215 15.0 17.6 23 48 77 
19-7-8....| C.S.-C.S Pr 140 218 18. 2 15.3 54 81 w) 
21-11-12..| R.S.-R.S Pr 165 220 19.0 14.7 8 68 7¢ 80 89 90 
Sel... 20 C. 8.-C. I. Pr 20) 15.9 17 ‘ 70 78 89 
21-1-2....| R. 8.-R. 8 P 14 m| 168), i6.0{/F0 as , ” - 7 
20-3-4....| C.8-R.S Pr 60 238 17.4 6.8 6 ) 7 
28-2......| R. S.-C. I M 239 8.7 18 oo . . 81 Rr 
21-0-10...; R.S.-R.S Pr 2 156 243 12.6 13.4 8 3 i 23 64 81 
21-7-8_....| R. S.-R.S P; l 155 86 12.8 16.6 2 8 ) 63 69 gR i) 
28-1....- m.@-6. 3... 24. Py 1 27 9.4; 11.0 +4 —. 87 92 90 
1-3-4. .... A-A. " P 2? » 399 Seized 0) 100 
19-3-4 Cc. 8.-C.S8 P 2 244 392 Seized OOL 2 100 
4-3-14- D-D P 2 21) 445 Seized . yz 100 
21-3-4 R. Ss. R.s P 5 =e m, Seized | Fa) k ) oo ow 
é1-3-S.<ce - am é ow » 40 ize \ Mf= 001, M \ 
rESTS OF RUSTED PLATES 
4... lc. 1-C.1 M 1 4, 488 Seized 0 100 
a C.1L-C.I Pr j 4 508 Seized w2 93 
4 Surfaces rusted by expusure 
§ Rust only wore off, no decrease in original thickne 
The symbols used are explained as follows: 
Metals— Metals—Continued 
A=Bronze, A. 8. T. M. Specification B22-21, class A M. I.=Malleable ircen, A. S. T. M. Specification A47-30 
B=Bronze, A. 8S. T. M Specification B22-21, class B. P. B. E.=Phosphor bronze, A. 8. 'T. M. Specification B22-21, class \ 
C=Bronze, A. 8. T. M. —o ation B22-21, class C P. B. F.= Phosphor bronze, A. 8. T. M. Specification B22-21, class B 
C. I.=Cast iron, A. 8. T. M. Specification A48- 29, heavy R. 8.= Rolled steel, A. S. T. M. Specification A7-29, structural ¢ 
C. 8.=Cast steel, A. S. T M. Specification A27 24, class B mediur Stl. S.=Stainless steel 
D=Bronze, A. 8. T. M. Specification B22-21, class D Wear 
L. B. 22=Lead bronze-22 percent lead M = Movable plate 


L. B. 17= Lead bronze-17 


percent lead 





L. B. 8= Lead bronze-8 percent lead 


Direction of movement— 


1= Direction cf movement and direction of finishing cuts parallel 


F=f xed plate 


= Direction of movement at right angles to finishing cuts, finishing cuts paralle 


3= Direction of the finishing cuts at right angles 

In 60 tests of unlubricated plates the mean values of 
the coefficient of friction, for the last 10 sets of slips 
under each of the four loads, showed a tendency to 
remain constant or to decrease slightly, and in 17 tests 


} 


Figure 7 shows data from one of the 


this tendency for the resistance to increase as the t 


progressed is evident. 


tests in wh 


rather 


The example given is a typ 


hh 


this value showed a tendency to increase slightly, while | 
in the tests of lubricated plates this value for 44 re- 
mained constant or decreased and 33 showed a marked 


tendency to increase. 


plates seized while unlubricated plates seized in « 


| lubricated slates showed 
lubricated plates, and in 


than an extreme case. 
In four tests (1-15-16, 3-5-6, 3 


7-8, and 3-9 
ereater Sebotboth than the 
all four cases the lubric: 


10 
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P= 
BEARING 
PRESSURE 
[ = —s FIXED PLATE 
3 = eS, 
t MOVABLE PLATE 
QE 
—— et 
| 
| 
| ~<——— T = THRUST CAUSING 
SLIF 
t CYLINDRICAL MOVABLE 
MEMBER 
iw oz 
| nA 
L | } | 
a —_—_=> L MOVABLE PLAT 
5 si 


-FIXED PLATE 


COEFFICIENT OF FRICTION (A) = 52 


FIGURE 3.—ARRANGEMENT OF BEARING PLATES DurinG TEs1 
SHOWING THE ForcEs INVOLVED IN CALCULATING THE COEF- | 
FICIENT OF FRICTION (kK). 


one case. In two tests (3-5-6 and 3-9-16). where the | 
friction with lubrication was greater than without 
lubrication, all lubricant was washed off with naphtha 
at the end of the tests and a single set of 20 slips under 
each of the four loadings was run without lubricant. 
‘hese results showed a definite decrease in the co- 
efficients of friction (from 0.190 and 0.185, when 
ubricated, to 0.152 and 0.170, respectively) with no 
ibrication. 
In group | of table 3 there were 21 combinations that 
vere tested both with and without lubrication. Of 
ese 21 combinations, the coefficients of friction of the 
bricated plates in 6 cases showed a tendency to 
increase and in 15 cases a tendency to remain constant 
the tests progressed, while in the same 21 combina- 
ms, where unlubricated plates were used, only 2 


causes showed a tendency to increase, 16 remained 
constant, and 3 decreased. 

In group 2 of table 3 there were 29 combinations 
ailable for a similar comparison. In these 29 tests 

tendencies of the coeflicients of friction to vary were | 

a~ follows: When lubricated plates were used, 18 showed 
a ‘endency to increase, 10 to remain constant, and 1 to 
decrease. With no lubrication, 3 combinations showed 
a .endency to increase, 23 to remain constant, and 3 
to decrease. 

u group 3 of table 3, 27 combinations were available 
for comparison and the following tendencies to vary 
were noted. With lubricated plates 9 combinations 
h showed a tendency to increase, 17 to remain constant, 
t and 1 to decrease. With the unlubricated plates, 12 


+ 


combinations showed a tendency to increase, 12 to 
reinain constant, and 3 to decrease. 

e 

h- LUBRICANT OF QUESTIONABLE PERMANENT VALUE IN REDUCING 

d FRICTION 

Vv } 


{ onsidering groups 1 and 2, as comprising the most 
des:rable combinations, table 4 shows the general 
ten‘encies of the coefficients to vary and permits a | 
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comparison to be made between the lubricated and 


| unlubricated plates in this respect. 
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FIGURE 4 RELATIONS BETWEEN BEARING PRESSURE AND 
TurRust AT Wuicn Suiip Occurrep FoR TEsT SERIEs 36, 
No. 1, SHow1ING DERIVATION OF COEFFICIENT OF FRICTION (k): 
Bronze C on STAINLESS STEEL; MEDIUM-PLANED FINISH; 
MOVEMENT PARALLEL TO FINISHING Cuts; No LUBRICATION; 
No WEAR; AND No SEIZURE. 
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FiaureE 5.—RELATIONS BETWEEN BEARING PRESSURE AND 
Turust AT WuIcH Stipe OccurRED FoR TEsT SERIEs 16, No. 1. 
Bronze B on ROLLED STEEL; FINE-PLANED FInisH; Move- 
MENT PARALLEL TO FINIsHING Cuts; No Lusrication; No 
WeEaR; AND No SEIzureE, 
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FiaurE 6.—RELATIONS BETWEEN BEARING 


PRESSURE 


AND 


Turust aT Wuicu Sire Occurrep ror Test Series 21, 


No. 17. 


RouueD STEEL ON ROLLED STEEL; MILLED FINISH; 


MovEMENT—FINISHING Cuts aT Ricgut ANGLES; No Lupri- 
CATION; No WEAR; Seizure AT 250 Pounps PER SQuARE 
Incu, 19 PERCENT oF Sips; AT 500 Pounps, 43 PERCENT; AT 
750 Pounps, 42 PERCENT; AND AT 1,000 PouNDs PER SQUARE 


Incu, 70 PERCENT oF SLIPs. 


TABLE 4.—Variations in coefficient of friction in tests of lubricated 


and unlubricated plates 





| Variation in coefficient of friction during last 20 


Condition of plates 


sets of slips 





| Constant 


| 


Increased | Decreased 





i iia assis nlnenaninind 


GS 25 


4 


Number of - | Number of tests | Number of teats 
9 5 6 


1 





| 
| 
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FIGURE 7.—RELATIONS BETWEEN BEARING PRESSURE AND 


Turust AT WHICH S.Liep OccuURRED FOR TEsT SERIES 14, No. 
6. Bronze D on Cast STEEL; ROLLED OR PLANISHED FIN- 
IsH; MOVEMENT PARALLEL TO FINISHING CuTS; PLATES 
LUBRICATED; No WEAR; AND No SEIzuR_E. 


In group 1, the values for the lubricated plates are 
on an average 11.5 percent less than the values for the 
unlubricated plates, while in groups 2 and 3 the differ- 
ences in favor of the lubricated plates are 13.8 percent 
and 28.3 percent, respectively. 

It appears that, although lubrication with the type 
of lubricant used causes an initial decrease in friction 
with ccntinued movement the lubricant is forced out 
from between the plates and the friction increases until 
it may equal or surpass that of the unlubricated plates 


| The smoother the finish, the sooner the beneficial effect 





of lubrication appear to be dissipated. 

Inasmuch as the beneficial effects of lubrication f: 
the most desirable combinations (groups 1 and 2) a1 
small and since in many of the tests these effects de- 
creased during the comparatively limited number 
movements made in a test, it seems probable that t! 
use of a single application of graphite grease, or oth 
lubricant which will flow, is of but little, if any, p: 
manent value when used between ‘at plates subject to 
load intensities such as used in these tests. 

In considering the effects of surface finish on fricti: 
19 groups of tests with machined surfaces are available 
for comparison. In making the comparison, tests of 
unlubricated plates, with direction of movement ard 
direction of finishing cuts parallel, were used. ‘The 
results of these tests are assembled in table 5 in four 
groups: 


— 


Like metals (ferrous). 

Unlike metals (ferrous). 

Like metals (bronze). 

. Unlike metals (ferrous and bronze). 


In groups 1 and 2 the fine-planed finish gave he 
highest values of the coefficient of friction and ‘he 
milled finish gave the lowest values except in the case 
of cast iron on cast iron, for which the lowest value was 


~ 


t 


= Co 
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TaBLeE 5.—Effect of surface finish on magnitude of coefficient of | 
friction; all plates unlubricated; direction of movement and 
direction of finish parallel 


GROUP 1—LIKE METALS—FERROUS 





























| Coefficient 
Metals Finish | of friction | Seizure 
- } | 
| Pr | 0. 266 Ye | 
R. S.. Po | . 224 | Yes 
| M .215 | Yes 
| Pr .218 | Yes 
C.5 M . 186 | Yes 
| Py | . 174 | Ye | 
; f Pr | 157 | Ye 
on nnnece neem nena sen en ener teneerereeesenenene 1M | 150 | Ye 
| | 
GROUP 2—UNLIKE METALS—FERROUS 
" f Py 0. 27 Yes 
S.-( .I ee eee ee ee -1) M 23 Ye 
| Py .238 | Ye 
S.-R.S r Pe 208 | Ye 
i M is2 | Yé 
g.-C. I.. i 2 om | Ye 
S.-M. I. | oF 4 BS 
i Pr 74 Ye 
I.-C. I... M 174 | No 
ah en és Lo con | Fee 
GROUP LIKE METALS—BRONZE 
| Pr 21 Ye 
R 172 | N 
7 P< 163 | No. 
| Pat 152 | No. 
M 140 | No 
| R 172 | Ye 
M . 167 | N 
Pr . 162 | No. | 
P .161 | No | 
Px . 150 | No 
| Pc .172 | No 
Pr | . 158 | No 
M 150 | Ne 
R .148 | Yes 
Pm . 137 | No 
Pe . 157 | No 
R | .157 | No 
Pr - 152 | No | 
M . 148 | No. 
uM 138 | No | 
| 
GROUP 4—UNLIKE METALS—FERROUS AND BRONZE 
4 0.174 | No 
I I SY ae ee Oe Pe a Pr 150 | No 
M 140 | No 
Pr . 159 | No. | 
I ee a Ae: eee en eS Me \} Pag - 158 | No. 
| P< . 137 | No. 
M .- 135 | No. 
Pe . 138 | No. 
A-k.S i) Pu - 128 | No. 
M .127 | No 
Pr .13 | No 
“2 | M . 138 | No 
ape eee ee ee ee R . 135 | No 
| Pr : 134 | No. 
B- fM . 132 | No. 
a es \ Per .128 | No. 
Cc. ‘M .118 | No 
ee ee a ee ee ee eee ee \ Pp |} . 106 | No } 
Sy s used are: 
Bronze A. C. I.=Cast iron. 
Bronze B. C. 8.=Cast steel. 
Bronze C. M. I.= Malleable iron. 
Bronze D. R. 8.= Rolled steel. 


giv by the coarse-planed finish. Seizure was noted 
in 10 percent of the tests in group 1 and 92 percent of 
tho > in group 2. 

ly group 3 either the medium-planed or the milled 
finis\es had the lowest values of the coefficient of fric- 
tion. Seizure was noted in only 15 percent of the 20 
tests comprising this group. 
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In group 4 the fine-planed and milled finishes gave 
the most satisfactory results. No seizure was noted 
in this group. 

Tests were made of combinations of two grades of 
cold-rolled phosphor bronze, with surfaces as rolled 
at the mill. In both cases the direction of movement 
and the directions of finish of all plates were parallel. 
Phosphor bronze E showed a high coefficient of friction, 
falling within the highest 20 percent of all tests made. 
Seizure was noted in 6 percent of the slips under the 
maximum loads. Phosphor bronze F, under similar 
conditions of test, gave a coefficient of friction within 
the higher 50 percent of all tests made, and no seizure 
was noted. 


An attempt to determine the comparative merits of 


| a cold-rolled finish and a machined finish was later made. 


7 


The cold-rolled phosphor bronze specimens, both E 
and F, were machined with a medium-planed finish 
(Py;) and tested in like pairs. No lubrication was 
used and tests were made with the direction of the 
finishing cuts of the contact faces at right angles (M3). 
Data from former tests indicated the above finish 
and direction of movement to be satisfactory for use 
with like bronzes. 

The results of these tests (series 29 and 31) are 
shown in the general compilation of test results in 
table 3. By comparing the results it will be seen 
that no wear was apparent in any of these tests. In 


~ 


the case of phosphor bronze E, the machined surfaces 


| showed a 10-percent decrease in friction when compared 


with the cold-rolled finish, while in the case of phosphor 
bronze F the machined plates showed approximately a 
5-percent increase in friction in comparison with the 
cold-rolled plates. Both materials, when tested with 
machined surfaces, showed a marked increase in the 
number of slips which seized, from a maximum of 6 
percent to 87 percent in series 29 and from a maximum 
of 0 percent to 89 percent in series 31. However, the 
intensity of seizure, as evidenced by the lack of violence 
of the jump and the small distances moved under 
lateral thrust, was low in both tests. The percentage 
of maximum variation from the mean thrust at slip 
was lower when machined surfaces were used than when 
cold-rolled surfaces were used. . 

If due consideration is given to the variations from 
the mean thrust necessary to cause slip found in the 
several tests, and to the limited number of comparisons 
made for the two finishes, the limited differences in 
coefficient of friction found indicate no marked superi- 
ority for either finish. 


MILLED FINISH WITH FINISHING CUTS AT RIGHT ANGLES FOUND 
MOST SATISFACTORY 


Two tests were made of cast-iron plates, one with a 
fine-planed surface and one with a milled finish, all 
surfaces rusted by exposure to weather. The friction 
developed was excessive in both series and only under 
the lowest unit bearing pressure used (250 pounds per 
square inch) could slipping be produced. 

From the results shown in table 5 the following con- 
clusions seem reasonable: 

1. A milled finish is most satisfactory when ferrous 
materials are used in combination. 

2. A milled or medium-planed finish is most satis- 
factory for combinations of like bronzes. 
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3. A milled or fine-planed finish is most satisfactory 
for combinations of ferrous materials with bronzes. 

In connection with these conclusions, it should be 
remarked that the spread of values resulting from dif- 
ferences in surface finish is, in general, not great and 
in many cases the differences between average coeffi- 
cients of friction for two or more finishes on a particular 
combination of metals are so small as to lack signifi- 
cance. Fine distinctions are therefore not warranted. 

There are available for purposes of comparison 16 
groups of tests in which all three directions of move- 


ment were tested with the same combinations of ma- | 


terials. Fourteen of these groups covered the thrée 
planed and milled finishes and two groups covered the 
rolled or planished finish. 

For each material the three coefficients of friction 


corresponding to the three directions of movement | 
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were arranged in order of decreasing values of the co- | 


efficients of friction and grouped under each of the 
surface finishes considered. These data are shown in 
table 6. 

The 14 groups of tests covering the 3 planed finishes 
and the milled finish were considered as a unit, the 
rolled or planished finish being considered alone. 

For the 14 groups of tests, summations were then 
made of the total number of times each of the three 
directions of movement occurred in the high, inter- 
mediate, and low-value groups of the coefficient of 
friction for each combination of material and each 
surface finish shown in table 6. These totals were then 


converted into percentages of the total number of | 


groups of tests. which resulted in the relations between 
the three directions of movement shown im table 7. 


TABLE 6.—Effect of direction of movement on the magnitude of the 
coefficient of friction, for like metals in combination, unlubricated 








|  Coarse- | Medium- 











- = 1, Rolled or 
planed planed F — d oe planished 
finish finish . — finish 

Materials |. | ~ ae os = os 
ued | 9s] Sa aa | e)es\|-¢ a 
ao) §- S~- ias| &- | 22 ao 
ce =— | os = cf ce 
$e| 2s ee \#e| 82 iee =e 
|8e| $s Ss |8s| Ss | gs B2 
mB) && Sa ima! 2S | ae =~ 
if Mz; |'0.390 | Me |'0. 161 Mz; |!0.154 | Moe | 0.162 | Mo» | 10.164 
Bronze A...\} Mi -157 | Mg 151 | My 152 M; 154 M; . 157 
{M3} .15 38 | M2 | .143| Mi 148 | Ms | 1.146 
{ Mz | 1. M, 210 | M2 146 | Ms | 1.194 
Bronze D_..|; Mi : M; 204 | Ms 146 | Mi 172 
\( M3] . M2 | 1.190, M; 140 | M2 1, 168 
1f Me | 3. Mi 1,266 | Mi Ce Lnnainas bimencan 
Rolled steel_|{ M: | }. | Me | 1.243 | Mea | 1.176 eae ts 
Il Ms | 45 See: ie” Sek) eee eee 
\| M2 | 1. mes | 2.200 1 Bee 1°. 908 1... 1.4... 
Cast steel_..|; Ms | 1. --| Ma | 1.198 | Mz a ¢ Re Se _ 
|! Mi | 1. | Ms | 1.187 | Mz | 1.15 








1 Seizure occurred. 


Symbols used are: 
M:i= Direction of movement and finish of plates parallel. 


M:= Direction of finish of plates parallel, direction of movement normal to direc: | 


tion of finish. 
M:;=Direction of finish of plates at right angles. 


It will be seen that 93 percent of the tests in which 
movement M; was used fall within the groups of low 
and intermediate values of the coefficient of friction, 
while 79 percent of the tests in which movement M, 
was used fall within the groups of high and intermediate 
values of the coefficient of friction. Those tests in 
which movement M; was used are equally divided 
between the groups of low and intermediate and high 
and intermediate values of the coefficient of friction, 
being 64 percent in both cases. 
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TABLE 7.—Classification of values of coefficientof friction for the 
various directions of movement 








Percentage of tests using each 


r . direction of movement 
Values of coefficient of friction (k 


M2 M; M 
Percent Percent Percent 
MR ie noun . 57 36 7 
Intermediate - a 22 28 50 
Low...- waster ‘ 21 36 43 
Symbols used are 
{;= Direction of movement and finish of plates parallel 
M)= Direction of finish of plates parallel, direction of movement normal to direc 


tion of finish 


M;= Direction of finish of plates at right angles 


In the same 14 groups of tests seizure was noted as 
follows: For movement M;, 11 groups or 79 percent 


seized; for movement M;, 9 groups or 64 percent 
seized; for movement M,, 7 groups or 50 percent 
seized. The combinations of like ferrous materials 


seized in all tests while the combinations of like bronzes 
seized in only 9 out of 24 tests or in 38 percent. 

If the bronze and ferrous materials are considered 
separately, table 6 gives the following indications for 
bronzes: 

For finish P. movement M; is best and movement M 
ranks second. 

For finish Py, movement M, is best with movement 
M, ranking second. 

For finish Py movement M, is best with movement: 
M, and M;j rating equally for second place. 

For finish M movement M, is best with movement 
M, second, with but slight differences between the two 

This tabulation shows, as has already been concluded 
from table 5, that for bronzes in combination th: 
milled or medium-planed finishes give the lowest 
coefficients of friction. For these finishes, direction o 
movement M, is most satisfactory, although in genera 
there is not a great difference between the coefficient 
for M, and M3. 

For ferrous materials, table 6 indicates that, consi 
ering all finishes, direction of movement M; is superi 
to M, and Mb, since it gives the Jowest values in 4 ou! 
of 6 groups. However, in the case of the milled finis! 
the difference between M, and M;j is not significant. 

It is apparent from table 6 that, in the two groups 
tests with rolled or planished finishes, direction 
movement had no pronounced effect, as both high and 
low values of the coefficients of friction were evenly 
divided between movements M, and My, and seizure 


| was noted in both the high and low groups 


seizure was noted for movement . 

If one finish and one direction of movement were (o 
be selected for all combinations of metals, the one t! at 
would probably be most generally satisfactory wold 
be the milled finish with the finishing cuts at rclit 
angles (M;). 


COMBINATIONS OF LIKE OR UNLIKE FERROUS MATERIALS \D 
HIGHEST COEFFICIENTS OF FRICTION 

In the 190 tests made, only 31 (exclusive of 2 t: «ts 

with rusted cast iron) showed evidence of wear, lie 

loss in thickness varying from 0.0005 to 0.0020 0: an 

inch. Of the 31 tests showing wear, 22 were of :ke 


materials (10 bronzes and 12 ferrous materials) a: | 9 
were of unlike materials (4 bronzes in combination 
ferrous materials and 5 combinations of unlike fe: 


ith 


us 
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TABLE 8.—Effect of 


Group no. 1—37 lowest values of k 


Number 


Combination of materials used of sets > Number | Number 
Percent- 2 rn 
tested Number | tania of sets of sets 
of sets ag showing | showing 
tested : 
seizure wear 
Bronze and ferrous 22 Is 81.8 
Unlike bronzes 7 5 71.4 
Like bronzes 47 i4 20.5 2 2 
Unlike ferrous 13 
Like ferrous 22 
Total lll a7 2 


1 k= Coefficient of friction 


materials); 9 were lubricated and 22 were unlubricated. 
Twenty seized during testing and 11 did not seize. 

In 20 cases wear was evident where a coarse-planed 
finish (Pc) was used, in 3 cases where a medium-planed 
finish (Py) was used, in 5 cases where a fine-planed 
finish (Py) was used, and in 3 cases where a milled 
finish (ML) was used. 

Wear occurred in 20 cases where the direction of 
movement and the directions of finish of both plates 
were parallel (M1,), in 6 cases where the directions of 
finish were parallel and the direction of movement was 
normal thereto (M.), and in 5 cases where the direc- 
tions of finish of the plates were at right angles (M3) 

Seventeen of the combinations showing wear con- 
sisted of ferrous materials, 10 combinations consisted 
f{ bronzes, and 4 combinations consisted of bronze 
und ferrous materials. In three cases, where unequal 

ear occurred in the two plates of a combination of 
bronze and ferrous metal, the ferrous materials showed 
the greater wear. 

In reaching any. conclusion with respect to the im- 
portance of wear as disclosed by these tests, con- 
sideration should be given to the fact that the wear 
observed took place during only 1,200 slips of the test 
plates and that this number of movements represents 
ouly a very limited part of the total number to which 
bearing plates may be subjected during their useful 
life. Measurable wear occurred in only a small per- 
centage of the total number of tests, and in the ma- 
jority of the cases where it did occur, either a coarse- 
planed finish, which would not be recommended in any 
case, or a finish or direction of movement unsuited to 
the particular combinations of metals involved was 
used. Therefore, it seems probable that when a proper 
se'ection of materials and surface finishes is made, wear 
m:y be expected to be negligible. 
ince the use of a lubricant appeared to be of doubt- 


ful value in permanently decreasing the coefficients for 
gi\-n materials, and furthermore, since tests of lubri- 
ca’ od combinations were not made in all cases, only 
th: 111 tests of unlubricated plates listed in table 3 
itt is of rusted plates excluded) were considered in 


det -rmining the relative merits of the materials tested 
for ise in bridge bearing plates. 

‘arranging these 111 tests in the order of increasing 
coe ieients of friction and dividing them info three 


gro ‘ps of 37 tests each, the results shown in table 8 
Wer. obtained. These clearly indicate that combina- 
tons of bronze and ferrous materials and of unlike 


bro. zes in combination are the most efficient, as 18 out 
of » total of 22, or 82 percent, and 5 out of 7, or 71 
per nt, respectively, of the total number of tests made 
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materials on the magnitude of the coefficient of friction 
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111 unlubricated sets considered) 


Group no. 2—37 intermediate values of / Group no. 3—37 highest values of k 


Percent- | Number | Number Percent- | Number | Number 
Number |. oe of set of se of set Number wwe of sets of sets of sets 
of sets yo howin howin of sets tented showing | showing 
eizure wear seizure wear 
t > ee ee ee 
Js f 
53 9 { 8 17.0 8 1 
9 ‘ 11 m4 ¢ 10 4 
; 7 77 17 6 
‘ J) ai 
of these two classes of combinations fall within the 


croup having the lowest coefficients of friction (group 1, 
table 8). Moreover, these two classes of combinations 
comprise 23 out of a total of or 62 percent of the 
total tests falling in group 1. 

In group 1, seizure was noted in only two combina- 
tions and was small in amount. These were like 
bronzes, both with a rolled finish, and seizure occurred 
in only 7 and 12 percent, respectively, of the total 
number of slips unde! any load intensity. 

Group 3 of table 8 indicates that the combinations of 
unlike or of like ferrous materials are the most unsatis- 
factory of all of those tested, as 11 out of 13, or 85 
percent, and 17 out of 22, or 77 percent, respectively, 
of the total number of tests made of these combinations 
fall within the group of the highest values of the 
coeflicient of friction. These two classes of combina- 
tions comprise 28 out of 37, or 76 percent, of the tests 
falling within this group. Seizure was noted in all of 
the tests made of these two classes of combinations with 
the single exception of one combination of unlike 
ferrous materials. 

It will be noted by reference to the general compila- 
tion of results (table 3) that the high lead bronzes in 
combination with like materials, or in combination with 
phosphor bronze or stainless steel, rank among the most 
satisfactory. The high lead bronze in combination 
with stainless steel shows next to the lowest coefficient 
of friction (0.110) of the 111 unlubricated combinations 
tested. The high lead bronzes in combination with 
like materials or in combination with phosphor bronze 
fall within the 13 lowest coefficients of friction of the 111 
unlubricated combinations tested, with coefficients 
ranging from 0.128 to 0.132 as compared to the mean 
coefficient, 0.137, of group 1, table 3. This group com- 
prises the 37 lowest coefficients of the 111 tests made of 
unlubricated plates. 


Q° 
ol, 


EXPOSURE TO CALCIUM CHLORIDE HAD LITTLE EFFECT ON PLATES 


Since the tests in this investigation indicated that 
combinations of ferrous materials and bronzes produced 
the lowest coefficients of friction and also indicated that 
rust may result in a substantial increase in the coefficient 
of friction, the use of stainless steel suggested itself 
because of its nonrusting properties. However, doubt 
existed as to the possible electrolytic action which might 
result from its use in combination with bronze when 
exposed to salt air. For the above reasons, a limited 
series of exposure tests was made in an attempt to 
obtain indications of electroy]tic action, if such existed. 

The procedure adopted was as follows: Eight samples 
of cast bronze, four of grade A and four of grade B, 


oe 
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FigurE 8.— ASSEMBLY OF PLATES FoR Tests TO DETERMINE 


ELECTROLYTIC ACTION. 

with machined surfaces, were used in combination with 
thin plates of stainless steel 0.032 inch thick with cold- 
rolled surfaces as furnished by the manufacturer. 
These eight combinations of bronze and steel were 
clamped together by means of straps of iron or soft steel 
1 inch wide bolted around the centers of the 4-inch 
square specumens used. In four sets of specimens the 
clamps were in direct contact with the specimens, thus 
forming a direct metallic or uninsulated bond between 
the two plates. In the other four sets of specimens thin 
strips of maple were placed between the clamps and 
specimens as insulation. The methods of clamping 
the specimens together and of insulating them are 
shown in figure 8. 

One insulated and one uninsulated set of specimens 
were subjected to calcium chloride vapor by suspending 
them in the top of a brine tank of a cold storage plant. 
One insulated and one uninsulated set of specimens were 
subjected to a vapor of sodium chloride by suspending 
them over a saturated solution of this ‘salt through 
which a small amount of air was continually passing, 
the top of the container being covered with canvas. 


One set each of insulated and uninsulated specimens 
were immersed in saturated solutions both of calcium 
chloride and of sodium chloride. All specimens were 
left in place for 4 months. They were then removed, 
rinsed in hot water and dried with paper towels. All 
of the specimens were measured with micrometer 
calipers before and after exposure. 

The four specimens exposed to calcium chloride either 
in vapor or immersed in the solution will be considered 
first (figs. 9 and 10). In no case was any apparent 
effect a eoehen present on the contact faces of either 
the stainless stee! or the bronzes. 
stainless steel immersed with no insulation between the 
specimens and the iron clamps showed a slight deposit 
of copper except where covered with the clamps. None 
of the other three stainless steel specimens showed any 
effect on the outer faces. Three of the four bronze 
specimens showed discoloration of the outer surfaces 
except where the surfaces were covered with either the 
clamps or the insulation strips. 


| measurable change in thickness of either the bronze or 


steel specimens. 
LXPOSURE TO SODIUM CHLORIDE NOT DETRIMENTAL TO PLATES 


In the case of the four specimens exposed to sodium 
chloride vapor or immersed in the solution, the follow- 
ing effects were noted (figs. 11 and 12). 

The two steel specimens that were immersed showed 
no effect of immersion on the contact faces. The con- 


_tact face of one bronze specimen showed no effect of 


immersion, while the other bronze specimen showed one 
small discolored spot where the contact between the 
steel and bronze was poor. One of the outer faces of 
the steel specimens showed no effect of immersion, while 
the other specimen was discolored in spots where salt 
crystals had formed. The outer faces of both bronze 
specimens were slightly discolored by immersion except 
where the surface was covered by the clamps or insula- 
tion strips. 

The contact faces of both the two steel specimens 
and the two bronze specimens that were exposed to 
vapor showed discoloration in spots where contact be- 
tween the steel and the bronze was poor. Both sets of 
specimens showed two bright spots on both the stee! 
and the bronze where the contact between the bearing 
faces was good. ‘The outer face of one steel specimen 
was discolored where it was in contact with the black 
iron clamps, while the other was discolored in two spots 
adjacent to the clamps. The outer faces of both bronze 
specimens exposed to vapor were discolored and on 
specimen showed two spots of corrosion adj: cent to th 
iron clamps with a resulting increase in roughness of th 
surface. 

No measurable change in thickness was found in an) 
of the specimens and in only the one bronze specime! 
where corrosion was found was any apparent break-dow! 
of the surface noted. Figures 9 to 12 show both contact 
and outer faces after the exposure tests were completed 
Differences in texture, color, and surface finish, with th: 
resulting variations in the reflection of light, presente: 
a difficult problem to the photographer. As a result 
these photographs may give an exaggerated idea of the 
conditions of the various surfaces. However, they giv: 
a fair idea of the relative results of the various expo- 
sures 


Examination of these plates for evidences of electro- 
lytic action revealed that only one of the eight sets o! 
specimens gave indicationsofsuchaction. W hen bronze 


| A, in combination with stainless steel, was immersed 


In no case was there | 
any apparent breaking down of the surface or any | 


| surface of the steel except where it was covered by | 
The outer face of the | 


in a solution of calcium chloride with no insulation be- 
tween the iron clamps and the test specimens (i. 

with a direct metallic connection between the unli 
materials), a deposit of copper was found on the out: 


clamp (fig. 9, no. 7). The outer surface of the bro: 
also showed an increase of copper on the surface 

In none of the eight sets of specimens were effects of 
electrolysis evident on the contact faces of the spevl- 
mens although in three of the bronze specimens nd 
two of the steel specimens these faces were discolored 
in spots where contact between the two surfaces \ as 
imperfect. Due consideration should be given to he 
fact that the stainless steel plates used in these ¢ sts 
were only 0.032 inch thick and consequently \ ere 
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I-STAINLESS STEEL 2- BRONZE D 3- STAINLESS STEEL 4- BRONZE D 
PLATES EXPOSED TO CALCIUM CHLORIDE VAPOR FOR 4 MONTHS 








5- STAINLESS STEEL 6- BRONZE A 7- STAINLESS STEEL 8- BRONZE A 
PLATES IMMERSED IN CALCIUM CHLORIDE SOLUTION FOR 4 MONTHS 


FIGURE 9.—APPEARANCE OF BRONZE AND STAINLESS STEEL BEARING PLATES AFTER IMMERSION IN AND EXPOSURE TO CALCIUM 
CHLORIDE. THERE Was No INSULATION BETWEEN CLAMPS AND PLATES Nos. 1, 2, 5, AND 6 Were Contact Facgks, AND 
Nos. 3, 4, 7, AND 8 WERE OvTER Faces or PLATES. 





1- STAINLESS STEEL 2- BRONZE D 3- STAINLESS STEEL 4- BRONZE D 
PLATES EXPOSED TO CALCIUM CHLORIDE VAPOR FOR 4 MONTHS 





5- STAINLESS STEEL 6- BRONZE D 7-STAINLESS STEEL 8- BRONZE D 
PLATES IMMERSED IN CALCIUM CHLORIDE SOLUTION FOR 4 MONTHS 
LL 


Figure 10.—APPEARANCES OF BRONZE AND STAINLESS STEEL BEARING PLATES AFTER IMMERSION IN AND ExposuRE To CaLcium 
CHLORIDE. Strips or Woop INsuLATED THE IRON CLAMps FROM THE PLaTEs. Nos. 1, 2, 5, anpD 6 WerE Contact Facss, 
ND Nos. 3, 4, 7, AND 8 Were OvuTER Facets or PLATEs. 
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2- BRONZE 0 3- STAINLESS STEEL 4-BRONZE D 
PLATES EXPOSED TO SODIUM CHLORIDE VAPOR FOR 4 MONTHS 











5-STAINLESS STEEL 6-BRONZE. A 7- STAINLESS STEEL 8-BRONZE A 
PLATES IMMERSED IN SODIUM CHLORIDE SOLUTION FOR 4 MONTHS 


FicurE 11.—APPEARANCES OF BRONZE AND STAINLESS STEEL BEARING PLATES AFTER IMMERSION IN AND EXPOSURE TO SODIUM 
CHLORIDE. THERE Was No INSULATION BETWEEN CLAMPS AND PuhaTes. Nos. 1, 2, 5, anp 6 Were Contact Faces, ANI 
Nos. 3, 4, 7, AND 8 WERE OvTER Faces or PLATEs. 











1-STAINLESS STEEL 2-BRONZE A 3-STAINLESS STEEL 4-BRONZE A 
PLATES EXPOSED TO SODIUM CHLORIDE VAPOR FOR 4 MONTHS 





5-STAINLESS STEEL 6- BRONZE A 7-STAINLESS STEEL 8-BRONZE A 
PLATES IMMERSED IN SODIUM CHLORIDE SOLUTION FOR 4 MONTHS 


FicgurE 12.—APpPpEARANCES OF BRONZE AND STAINLESS STEEL BEARING PLATES AFTER IMMERSION IN AND EXPOSURE TO SS‘ 
CHLORIDE. Strips or Woop INSULATED THE IRON CLAMPs FROM THE Puates. Nos. 1, 2, 5, AND 6 WERE Convtact | 
AND Nos. 3, 4, 7, AND 8 WERE OvTER Faces or PLATEs. 
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somewhat flexible. Moreover, they were clamped to 
the bronze specimens by clamps only 1 inch in width 
passing over the center of the specimens. As a result 
any slight unevenness, caused by shearing of the thin- 
steel plates or by marking with an identification num- 
ber, caused faulty contact between the plates and al- 
lowed vapor or moisture to penetrate and settle. It is 
believed that, where thicker plates are used and are 
subjected to pressures usually existing on bridge bear- 
ing plates, contact between the surfaces will be such 
as to prevent penetration by either moisture or vapor. 
Four of the eight outer surfaces of the steel showed no 
effect, one showed the copper deposit mentioned above, 
and three were discolored in spots adjacent to the 
clamps undoubtedly resulting from the breaking down 
of the black iron of the clamps. No evidence of any 
break-down of the surface was apparent. 

The outer surfaces of the bronze specimens showed 
the normal discoloration to be expected when finished 
metal is exposed to salt air, and in one specimen two 
small spots of corrosion with a slight increase in rough- 
ness were found adjacent to the iron clamps. The 
iron clamps all showed pitted and rusted surfaces as a 
result of exposure. 

These tests would seem to indicate that for normal 
exposure to salt air no electrolytic action or breaking 
down of contact faces may be expected when bronze 
and stainless steel are used in combination if the 
contact between the plates is good. 

CONCLUSIONS 

1. The coefficient of friction for bearing plates re- 
mains constant under varying loads for any combina- 
tion of materials tested. 

2. An initial application of graphite grease or other 
lubricant that will flow appears to be of doubtful value 
in permanently reducing the coeflicients of friction 
when used under conditions such as obtained in these 
tests. 


} 
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3. In general, for the materials tested the relative 
coefficients of friction, in increasing order of magni- 
tude, are as follows 


a. Ferrous materials in combination with bronzes. 
b. Hard bronzes in combination with softer bronzes. 
c. Like bronzes in combination. 

d. Ferrous materials in combination with like or unlike ferrous 
materials 
e. Ferrous materials in combination where subject to rust. 

t. The following are indicated as the most satisfac- 
tory finishes for various combinations of materials: 
a. Ferrous materials ir combination- 7 


b. Like bro! Zes ll 
finish. 


a milled finish. 
combination—a milled or medium-planed 
c. Ferrous materials and bronzes in combination- 
fine-planed surfac« 
d. A cold-rolled finish on bronze compares favorably with 
machined finishes provided the plates are rolled to a surface 
which will give uniform contact. 


a milled or 


5. The directions of movement most satisfactory 
for machined plates are with finishing cuts at right 
angles (M,) and with direction of movement and 
direction of finishing cuts parallel (M,), with M; show- 
ing a slight superiority. With rolled or planished 
finishes, but slight variations in friction are caused by 
the direction of movement, although less seizure is 
noted when the direction of movement and the direction 
of finish are parallel. 

6. Wear is probably a negligible factor when suitable 
materials and finishes are used. 

7. The limited exposure tests made do not indicate 
that destructive corrosive action may be expected 
from the use of combinations of bronze and stainless 
steel when exposed to salt air. 

8. If proper care is used in selecting materials and 
finishes, a coefficient of friction varying from 0.10 to 
0.15 may be expected, with variations of 5 percent 
above and below mean values, for load intensities of 
the order of 250 to 1,000 pounds per square inch. 
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} For State highway purposes ! 
| | } Expenses a. Service of State highway obligations 
State : : ~ funds dis- | tion and istra- tion, main- . . . 
calendar tributed bal- | ibuted ? | admi : st taaipse State Stat Notes 
year | ances,etc.: | ‘puted * | adminis- tive tenance, | highway ; ——s te Total for 
. tration pur- and St State issumed | . oe 
sd 4 police other State 
poses 5 adminis- highway local short- Potal Wat space 
tration ¢ bonds oblig . term purposes 
— loans 
Sa $10, 313, 112 —$3, 068 $10,310,044 | $29,298 | $43,691 | $3,735,071 $39, 300 | $1, 355, 498 ; ..| $1,355,498 | $5, 129, 869 
PE cecdcncencs 3, 278, 598 |....-- ‘ 3, 278, 598 | 39, 946 * .| 1,981, 576 82, 938 : : 2, 064, 514 
[0 Se 8, 261, 907 —15, 798 8, 246, 109 304, 457 68, 118 1, 400, 390 2,748, 773 | $3, 059, 506 $70, 396 5, 878, 675 7, 279, 065 
California..........| 39,983,955 — 2, 365, 667 | 37,618, 288 132, 687 ae 24, 793, 382 
sae 6, 009, 533 —439 | 6,009,094 98, 134 : 4, 243, 132 73, 128 
Connecticut----__.-- 5, 671, 844 —159, 224 5, 512, 620 41, 000 5, 471, 620 at ix a 
Delaware... --- . 1, 481, 819 11 228, £ 38% 6, 076 1, 049, 105 96, 621 52, 748 277, 269 : 330, 017 
Florida......-. nail 17, 896, 972 20, 427 7, 581, 351 58, 957 2, 552, 247 a 2, 552, 247 
Georgia. .-_... secest| Bee ee 7, 496, 569 é 
( — . 3, 124, 297 2, 901, 555 207, 125 ne 207, 125 
Illinois... ..-- . 30, 385, 382 178, 002 9, 566, 502 
Indiana_.-_..- .| 19, 262, 319 67, 056 9, 391, 090 
OS Se 11, 549, 118 3, 060, 253 3, 309, 747 3, 309, 747 
Kansas ......- 8, 961, 190 86, 500 5, 66, 618 693, 26¢ 693, 266 
Kentucky -.....-- 9, 835. 918 9 24, 32 
Louisiana ---.-- i 9, 416, 969 8, 064, 450 8, 064, 450 
| 572, 827 2, 611, 947 18, 448 1, 253, O86 1, 253, O86 
Maryland -.._-- . 025 2, O76, 166 1, 380, 548 1, 380, 548 
Massachusetts _.- . 090 3, 764, O15 200, 792 441, G36 15, 445 457, 375 
Michigan... , 561 120, 945 12, 465, 565 4, O82, O66 4, 082, 060 
Minnesota. - - - 52, 258 166, 696 7, 267, 351 127, 93 
Mississippi .-- -- 370 26, 858 70, 000 4, 268, 447 26, 349 
Missouri - - 301 49, 571 105, 585 5 9, 189 4, 145, 372 ‘ 4, 145, 372 , 844 
Montana._..._- . 3, . 542 18, 631 804, 640 804, 640 67 
Nebraska-.-_.-.... as 9, 808, 734 05, 514 ap . 609 
ee 962, 040 1. 950 16, S4¢ 14, 272 eee oa 14, 272 090 
New Hampshire__-- 2, 868, 166 4.150 "Ses 726, 895 648 
New Jersey : 18, 206, 102 | '*—1, 387, 702 | 16,817,400 | 84.950 |..........| 475,764 |...........| 7,507,651 |............|........... 7, 597, 651 415 
New Mexico ‘ EE Wvweaciccennt ee) Shc... | wee?  f Sef 1, 513, 696 5, 280 
New York ? ; 56, 311, 245 483, 436 a s. 675, 900 070 
North Carolina... 19, 147, 015 7, 4, GO 79, 618 19, 196 7, 001, 465 501 
North Dakota 2, 323, 387 2, 6, 959 000 
Se a te 39, 169, 151 —1, 344, 5 154. 326 9 318 
Oklahoma._.-._- : 11, 877, 151 —324,787 | 11, 552, 364 832 
Oregon... _. —_ 7, 942, 853 99, 525 7, 843, 328 8, 473 2, 805, 233 2, 805, 233 916 
Pennsylvania. _- 25 40, 651, 831 26493,817 41, 145, 648 , 3, 322, 949 3, 322, 949 14 
Rhode Island___.. 2, 106, 204 58, 359 2, 164, 563 11. RTE 301. 876 9 
South Carolina .| 28 8, 765, 749 —66, 777 8, 698, 972 38, 9, 500 1, 117, 962 2, 524, 151 44 3, 642, 657 683 
South Dakota 4,315, 419 24, 079 4, 339, 498 44, 410 967 
Tennessee. ___. ‘a 14, 966, 016 234, 778 | 15, 200, 794 150, 594 0), 35¢ 3 RF 4. 005, 377 6, 279, 566 137 
, sree 33, 606, O85 —86,806 33,519, 279 335, 345 8, 200, 061 &, 290, 061 87 
re 2, 714, 341 — 29, 341 2, 685, 000 8, 000 19, 817 ; Pati OOK 
Vermont...-......- 2, 048, 645 219, 677 2, 268, 322 2, 200 ; 34, 560 447, 445 $47, 445 71 
|. ——=—aayeeen 13, 340, 505 —147,169 | 13, 193, 336 164, 160 28, 8&5 476, 210 ae 476, 210 777 
Washington--..._- 12, 568, 379 |...-.- 12, 568, 379 22, 684 4 97, 930 97, 930 R34 
West Virginia. ._._. 6, 102, 941 | —1, 741 6, 101, 200 23, 468 " 4, 233, 429 4, 233, 429 h, 487 
Wisconsin..........| 16, 249, 747 | —825, 947 | 15, 423, 800 52, 421 178, 540 2, 277, 229 2, 277, 229 FOS 
Wyoming. .--__- dein 1, 931,912 | 90, 403 2, 022, 315 Lf 3 eee 32, 479 112, 00K 112, 000 O57 
District of Colum- 2, 197, 209 374, 793 2, 572, 002 36) ecaeas 
bia. 
Total ?’7_...... 619, 802, 062 — 4, 221,087 (615,580,975 | 4, 275, 369 860, 872 | 258, 036, 693 | 3, 284,703 | 57,618,031 | 25,530,777 | 4,181,762 87,330,570 1348, 651, 968 








! Amounts distributed during the calendar year differ in many cases from actual collections because of undistributed balances and lag between accounts of collec 
and expending agencies. Adjustments also include deduction of receipts not classed as highway-user imposts as follows: Proceeds of tax on gasoline used in aviatior 
Idaho, Maine, Michigan, Nebraska, Oregon, and Wyoming, and proceeds of tax on nonmotor-vehicle fuel in Ohio. 

2 In many States the proceeds of motor-fuel taxes, motor-vehicle fees, and motor-carrier taxes are placed in a common fund from which the distribution is made. 1 
these cases the amounts distributed have been prorated in proportion to the receipts, not otherwise dedicated, from these three sources of revenue. See follow ing table 

3 Where reported separately from collection expenses, funds allotted for motor-fuel inspection, administration of motor-vehicle department, and regulation of motor 
vehicles are shown in this column. 

‘ Includes funds allotted for expenditure on urban extensions of State highway system, where reported separately from other funds distribute¢ for local roads and stre« 

5 County or local obligations assumed by State as reimbursement for local roads added to State system. 

6 In States indicated by star (*) law provides that allotments for work on local roads or streets may also be used for service of local highway obligations, but amou! 
so used not reported separately. 

7 In a number of States allotments for local road work may be used on city streets. 


This column shows allotments which were reported separately. See note 4 
ve State general funds unless otherwise noted. Allocations to county or municipal general funds may have been used in part for highweys, but cuch amount 
reported. 
* For engineering expenses in connection with irrigation. ° 
10 Funds allotted to counties for use on both State and local roads 
" Pro-rata share of State highway sinking fund transferred to general fund as a result of refunding operation which replaced sinking fund bonds with serial bonds. 
1 To Division of Airways, $15,616; Dade Memorial Park, $818. 


18 For Confederate pensions and past-due teachers’ salaries, $1,786,840; prison camps, $2,968. 

4 To ports of New Orleans and Lake Charles Harbor for harbor improvement. 

‘8S To Conservation Department for oyster propagation, $75,000; Chesapeake Bay ferry companies, $48,727. 
16 Pro-rata share (approximate) of debt service on nonhighway portion of emergency public works loan. 
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For local roads and streets 6 























FUEL TAX RECEIPTS, : 1935 


PUBLIC ROADS 

















| For nonhighway purposes 
For other 
| highway 
| Service of purposes For relief State 
For work on| For work | local (perk and To genera] | Of unem r 
county and on city highway Total forest fi — loyment ert: . [ 
local roads streets? obliga- roads, — rd - 
tions ee.) tut 
$5, 107, 186 $5, 107, 186 Alabam 
"983, 365 983, 365 sf ” $10 Arizona 
512, 731 3 $81, 738 594, 469 Arkansa 
*12, 510, 058 $182, 161 >, 692, 219 California 
1, 504, 700 1, 594, 700 Colorado 
Connecti 
R2IK_ He 8, 5 Delaware 
4, 49 5, 1 2, 552, 248 i 968, 682 | Florida 
2, 037, O13 be Ol st $2 ps 65, 960 (,eorgia 
: Idaho 
*6, 569, 243 *6, 506, 832 13, 166, 075 44, 2¢ 2, 788 7 ol [linoi 
2, 872 878, 218 9, 391, 090 42 42¢ Indian 
Ov, 000 002. 000 low i 
) 495, 756 2 495, 75¢ Kansas 
Kentucky 
‘ s4 Louisiana 
43, 41¢ 243, 416 
779, O19 2, 312, 168 642, 106 3. 733, 293 2, Ont 6, 687 land 
2, 372, 739 2, 372, 739 $538, 204 9, 500, 000 { 8 ) 89 husett 
*6, 004, 1S 6, 094, 185 4. 331 { 0 
*3, 607, 644 5, 697, 644 67. 046 7. O4 
*3, 117, 474 3, 117, 474 Mississipy 
Missouri. 
Montana. 
*2, 901, 18 2 sO 8, 222, 365 8 8 Nebraska 
: Nevada. 
: ), 728 170, 728 New Hampshir 
2, 765, 678 |. 92, 763 2, 958, 441 t, OF 00 700, 585 | New Jersey. 
New Mexico. 
*8, 090, 771 39, 1 1,110,555 | New York.* 
24° 712) 527 1. 479. 32 479, 326 | North Carolina 
765, 000 T7t 77¢ North Dakota 
7, 205, 400 4,920, 44 ) 487. 0% ) Ohio 
*2, 908, 983 228 0), 778 Oklahoma. 
*1, 144, 003 . 20, 280 Oregon. 
*8, 345, 374 579, 361 s 46, 567 086, 269 8, 20 Pennsylvania. 
aa 1. 3¢ Rhode Island 
*1, 352, 684 . ; 1, 352, 684 133, 605 South Carolina. 
G = “te 60, 520 114, 425 2, 242, 17¢ South Dakota 
Sk DO ae 5a 4,232,978 |_. 04, 821 2, 329, 264 Tennessee 
siilem . = 5 . 8, 200, 061 Texas. 
AID: Ea 2 = ae ae Utah. 
ae . , Vermont. 
6, : 2 24 724 | Virginia 
*6, 104, 320 479, 574 g ote 4825. 28 825, 287 | Washington 
- West Virginia 
3, 189, 436 109, 614 5 2, 640, 898 2, 640,898 | Wisconsin. 
W yoming. 
2, 572, 002 7 District of Columbia. 
123, 420, 040 20, 855, 123 6,271,404 | 150, 546, 567 775, 185 57, 184, 330 | 15, 548, 262 | 26, 363, 586 4, 838 110, 471,016 | Total.3? 



















'’ Pro-rata share service of highway relief bonds, a State obligation incurred for improvement 
‘8 Includes $767, 240, pro-rata share of temporary loan to general fund for relief. : 
1° For service of institutional construction bonds, $434,468; Department of Commerce and Navigation, $90,000; less credit 
*» Appropriations out of general fund for highway purposes have been credited against payments of motor-fuel tax and u 
rated in proportion to net receipts not otherwise dedicated. : 
" To State general fund after crediting appropriations for highway purposes, $37,614,987; New York City general fund, $1,495,568. 
2? For county roads under State control. 
* In cities situated on State highways one-sixth municipal allotment to be used on urban extensions of State system 
* For service of general State debt. P : 
** Differs from total in a previous table issued by the Bureau—State motor-fuel tax receipts, 1935—by amount of refunds, $57,009, reported subsequent to issuance of 
evious table 
** In computing adjustment, amounts loaned to general fund for relief purposes in 1934 and 1935 (pro-rata share, $3,622,384 
lances. 
* For aircraft landing fields, $25,824; cooperative work other departments, $12,382 ; 4 : 
** Differs from total in a previous table issued by the Bureau—State motor-fuel tax receipts, 1935—by amount of inspection fees, $181,605, reported subsequent to issu- 
e of previous table. : . : , 
** Amount shown as payment to general fund represents proceeds of inspection fees paid to general revenue, $181,605, less estimated cost of tax collection and inspection, 
ven above. 
For payments on real-estate bonds. 
Service of general fund bonds, $2,116,489; Great Smoky Mountain Park bonds, $211,649; aviation projects, $1,126. 
® For county roads under State control in all but 3 counties, $5,944,322; transferred to remaining 3 counties, $226,468. 
*% For aviation purposes 
* Debt service charges on $10,000,000 emergency relief bond issue prorated in proportion to allotments for State highways 
*5 Includes $500,000 to State general fund and $2,140,898 to towns, cities, and ¥ illages in lieu of personal property 
Paid out of general revenue. Amount not reported. 
’ See notes 25 and 28 





of local roads 


for excess allocations in 1934, (—) $120, 445. 
otor-vehicle fees to the State general fund and 


have been included in the undistributed 


local roads, and nonhighway purposes. 
tax formerly imposed on motor vehicles. 
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2X penses other 
Net total f collec- vdinin- Construc 
funds dis- tion and istra- tion, mall 
tributed 3 adminis- tive tenance, : 

| tration 4 pur and iii State issurned 

poses § vdminis- — highway low 
tration ° bonds t 


Net total Adjustment 
receipts of | due to undis- 
calendar tributed bal 

year ' ances, etc.4 





Alabama. -. .| $3,574,151 —$1, 096 
Arizona - . S48, 146 — 15, 266 
Arkansas ~ 2, 429, 191 ’ 
California... 10, 562, 502 613, 724 
Colorado eon 2, 206, 930 
Connecticut — 6, 108, 224 
Delaware l 
Florida__. “ 4, 98 
Georgia. ---- 1, 248, 278 
Idaho... .-- l, ’ : 
Illinois - - : 20, 437, 737 318 
Indiana - -- - 8, 154, 293 —53, 893 
Iowa... : 10, 314, 046 313, 374 
Kansas 3, 495, 576 16, 027 
Kentucky 
Louisiana - 
Maine. : 
Maryland _. 
Massachusetts 
Michigan- 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska-_-- 
Nevada_.. 
New Hampshire 
New Jersey --- 
New Mexico... 
New York *°___-. 
North Carolina-_- 
North Dakota_- 
a 
Oklahoma... 
Oregon. _- 
Pennsylvania nal 
Rhode Island _- 
South Carolina- 
South Dakota. _--. 
Tennessee - - 
ae 
| — 
Vermont._. 
Virginia. -__-- 
Washington 
West Virginia 
Wisconsin------- 
Wyoming.-.-- : 
District of Colum- | 
ee 910, 226 - 910, 226 99, 172 63, 493 | 


4 332, 606 





9. OS ' 6, 789 9, 457,900 | 17,859, 8 


32, 099 


——— 42. 477 OO. SO 100. S00 .. 406, O82 
2, Sif . 

38, 408 
35, 000 


01, 552 857, 2 857, 22 74 





> & OW & 
Seat 
Ft 


= 
wo 


0, 699 l 10 s ] 1) SON 


“io ; a? OI 


OO et IS 
=5 OS J ~. 
z 
t 
t 


361, 246 2, 469, 424 43,472 2, 122, O 2, St OS4, S20 ( ‘7 


181, 307 


98, O71 665. 714 ” RAI 5. 061, S80 


24, 674 


O00 36, 34 





256, O16 





‘ ital S74, A3¢ S74, 636 » 074. 


SS 140 090, GOR , 090, 99S 24. O66. 67 


$40, 26. 2d 124 199. 933 OS p21, 4 1, 606.9 





4), 922 66, 47¢ $5. 458 101, ot + O44 
, Ol S08, O41 040.7 





SOO id4, An 





1, 366, 064 x 19 01. Ose O01, 686 1, 906, 490 
4, 479, 035 4, 960 173, 469 173, 469 4,847, 464 
P 2, 635, 070 () US 3,142 

| 1, 125, 795 29,277 | 2,973, 051 2, 973,051 | 4, 128 
| 


35, 000 4,199. 529 ‘8. 492 538, 4902 5, 738, 02 


7, 351 0, 658 6, 000 166, 000 464, 009 





. 160, 496 
3, 495, 253 
4, 820, 637 
326, 651 10, 570, 381 
—%, 414 473, 479 


Os 





Total__-. 318, 747, 713 6, 239, 672 \312, 508,041 | 22, 537, 468 |1, 516,972 (113, 582,228 | 8,631,339 | 34 


2 22 a. $4. 840, 481 0. 783. Sle 


8, O4E 45, 692. 043 |167, GOS, ¢ 


tea for many States differ from totals in a previous table issued by the Bureau—-State motor-vehicle receipts, 1935—which gives receipts of the 1935 registrat 
period. 

? Amounts distributed during the calendar year differ in many cases from actual collections because of undistributed balances and lag between accounts of collecting a 
expending agencies. 

3 In many States the proceeds of motor-fuel taxes, motor-vehicle fees, and motor-carrier taxes are placed in a common fund from which the distribution is made. In t 
cases the amounts distributed have been prorated in proportion to the receipts, not otherwise dedicated, from these three sources of revenue. See tables that precede 
follow this table. 

4 Collection expenses in many States include service charges deducted by county and local collectors 

5 Where reported separately from collection expenses, funds allotted for collection of motor-fuel tax, payments to auto theft fund, and miscellaneous expenses of nu 
vehicle regulation are shown in this column. 

6 Includes funds allotted for expenditure on urban extensions of State highway system, where reported separately fron 

7 County or local obligations assumed by State as reimbursement for local roads added to State system. 

§ In States indicated by star (*) law provides that allotments for work on local roads or streets may also be used for ser 
so used not reported separately. 

* Ina number of States allotments for local road work may be used on city streets. This column shows allotments which were reported separately 

10 To State general funds unless otherwise noted. Allocations to county or municipal general funds may 
reported. 

1! To county and municipal general funds. 

2 For engineering expenses in connection with irrigation. 

18 Funds allotted to counties for use on both State and local roads. 

‘ Pro-rata share of State highway sinking fund transferred to general fund as a result of refunding operation which replaced sinking fund bonds with serial bonds 

15 For Confederate pensions and past-due teachers’ salaries, $190,755; prison camps, $317. 


ther funds distributed for local roads and stree 
vice of local highway obligations, but am 


See note 6. 
have been used in part for highways, but such amounts 
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} : . 
For local roads and streets § 
| 
| F< er 
hiet y 
| purpose , , 
¢ park and 
| Service of | forest To gener . 2 
For work on For work local road f i j I 
county and on city highwa | Tot Sty 
local roads & streets ® obliga 
$653, 183 
*$2, 920, O44 $2, 920, 044 
802, 721 : 802, 721 0, 4 2 S 
2, 174, 538 2, 174, 538 
‘ 32. HU 
i1. 882 
*1, 516, 754 6, 754 
1, 187, 635 1, 187, € 14, 968 
1, 272, 836 $318, 209 1, 591, 04 2, 102 
942, 534 942, 534 
516, 007 516. 007 
745 
637, 84 6. 4f 
167. 761 $332, 930 & 
*15, 959, 812 ] } 
*1, 469, 542 469, 542 
151, 818 »s 4 1. 180, 332 
1, 342, 447 ] 2, 447 
115, 022 
6, S04, S96 1,154,266 | 8,049, 162 
146, 412 146, 412 390, 432 
*9, 168, 706 9, 16S, 706 », 416, 207 
781, 725 1, 781, 725 272, 924 
16, 342 16, 342 
4*15, 178, 280 15, 178, 280 
*1, 900, O1¢ 1, 990, 916 
*3.56, 686 $56, 686 6, 32 
R 919 538, 919 4 f 
1, 030, 101 1, 030, 101 8 
"4, 809, 143 1 809. 143 
634, 335 634, 33 
' 
11, 924 11, 924 
641, 663 641, 663 | 2, 392 
2, 277, 770 28, 915 2, 606, 685 | 0), 386 1, 438, 748 
| | 
} 32 747, 561 
83, 035, 0932 1, 852, 451 1, 269, 288 86, 156, 832 | 481, 488 6, 759, 863 1, 369, 7 








Pro-rata share (approximate) of debt service on nonhighway portion of Emergency P 


’ Pro-rata share service of highway relief bonds, a State obligation incurred for im} 
* Includes $4,594,247, pro-rata share of temporary loan to general fund for relief. 
* To State general fund, $146,412; to county general funds, $244,020. 
Appropriations out of general fund for highway purposes have been credited agai1 
r ited in proportion to net receipts not otherwise dedicated 


2 


To State general fund after crediting appropriations for highway purposes, $15,213,902 


2 For county roads under State control. 
To real estate bond and interest fund, $900,000; Bureau of Criminal Identification, 
** General law provides that this allotment shall be used for highw ay purposes. Itis pr 
es. Amounts so diverted not reported. 
‘ Allotments to municipalities not reported separately for 1935. 
For hospitalization of indigent persons injured in motor-vehicle accidents 
* In computing adjustment, amounts loaned to general fund for relief purposes ir 
neces. 
* For aircraft landing fields, $24,021; cooperative work other departments, $11,517 
For aviation purposes. 
To cities. 
To towns, cities, and villages in lieu of personal property tax formerly 
To District of Columbia general fund. 
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56 
84, 277 
2. 60K 
405 59 
29 O54 
14. 968 
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2, SVL 
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747, 5 
19. B7 
r-ve 
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Alabama. 
Arizona. 
Arkansas 
California. 
Colorado 
Connecticut 
Delaware 
Florida 
Georgia. 
Idaho 
Illinois 
Indiana 





ucKy 
t nd 
{ jusetts 
fichigar 
Minnesota. 


Mississippi 
Missouri. 
Montana. 
Nebraska. 
Nevada. 

New ‘Hampshire 
New Jersey. 
New Mexico. 
New York.” 
North Carolina 
North Dakota. 
Ohio. 
Oklahoma. 
Oregon. 
Pennsylvania. 
Rhode Island. 
South Carolina 
SouthfDakota. 
Tennessee. 
Texas. 
Utah. 
Vermor 
Virginia 
Washingon 
West Virgini 
Wisconsin. 
W yoming 
District of Columbia. 


+ 








Total 


e fees to the State general fund and 


1935 amounts shall be paid to counties 
| property for other than highway pur- 


been included in the undistributed 
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eceints of due to un- Net total lection Construc- 
receipts 0 distributed | funds dis- | d tion, 
calendar balances, | tributed ? ol mainte- 
year os adminis- i 
. ete.! tration | 2@nce, and 
adminis- 
tration 3 
$109, 592 — $14, 335 $95, 257 $23, 142 $54, 749 
122, 394 —3, 246 119, 148 10, 653 | 103, 930 
2, 038 aul r 2, 038 |... sh cai 392 
2, 014, 661 661, 925 2, 676, 586 380, 038 276, 818 
294, 473 —33, 942 260, 531 40, 432 141,314 
167, 974 — 16, 059 151, 915 aneeace 48, 540 
‘ os 221, 216 47, 227 simnal 
—37, 694 261, O11 133, 475 93, 996 
7 —28, 845 48, 386 eee 
) - 
13, 783 - 245, 862 176. O88 
$31,419 , 449 421, 970 
867, 992 1, 730 869, 722 346, 647 
269, 984 —80, 050 189, 93 114, 664 
SS: Es 1, 142 
20, 288 . 20, 288 
‘ 
64,815 ‘ 64, 815 37, 127 |... 
387, 171 — 298, 939 88, 232 87, 152 
18, 798 230 19, 028 19, 028 
100, 250 —4, 946 95, 304 1,300 |_. 
447, 609 40, O82 487, 691 64, 893 217, 353 
22, 164 —3, 695 18, 469 8 | 
| See 192, 310 180, 532 
3) Re a p eee 
84, 253 18 —28, 202 <a 18, 564 
87,001 | —3, 397 | 83, 604 11, 400 59, 470 
(11 | es Ta see, 
132, 687 | 41, 59 
52, 373 MET Vcesces ‘ 
727, 874 ‘ 155, 240 439, 881 
796, 776 —19, 349 37, 126 740, 301 
752, 177 32, 485 | 100, 380 316, 787 
7, 635 | 17— 430 a 5,119 
8 hE ee 
87, 882 —3, 499 16, 347 60, 761 
312, 435 66, 413 28, 200 | 339, 701 
265, 537 20, 608 62, 341 135, 269 
64, 586 —7 | 54, 404 | 9, 482 
267, 412 1, 408 | 31,439 | 228, 530 
| Ba), ee See z c 
OE | Sees 19, 914 | 92, 049 
i { eee | 186, 126 |... 
se: | eae 15, 729 
1, 429, 481 =i8; 46 | 1,414,085 | 404,364 |............]_. 
BRE oncncassswsund 138, 268 23, 271 | 112, 356 | 
166, 982 |.-..---..---.- | 166, 982 }...-....... Siaeivenain 























12, 421, 383 


nN 


—74, 289 | 12, 347, 094 | 2, 570, 463 | 4,370, 617 


| 


For State highway purposes 


Service of State highway obligations 





Total for 














State Notes and State 
State assumed other | | highway 
highway local short- Total purposes 
bonds obliga- term 
tions ¢ loans | | 
a eee $54, 749 
$4, 350 ‘ . : 108, 280 
$769 $857 $20 $1, 646 2, 038 
ff ae Res 460, 000 736, 818 
: 141, 314 
48, 540 
13. GOF 
2 Ot 2? 106} 
88 
88 86. j ) "44, 919 480, 429 
ORF 114, 949 
0 164, 711 ; 164, 711 87, 59 
) LS 
Seas i 18, 564 
>. | See S| ae aes See 72, 204 
1, 29 in 47. 67 2 882 eee O. § 13, 447 
>) GAR ae mi) See $49, S39 
‘itllistalion 740, 30 
22, 902 24 22 43, 522 83, 211 
178 | 46 746 6, 043 
Reps Howe ~ 160, 761 
RSS Se 339, 701 
268 1, 745 | 5, 013 140, 282 
" ’ eaek's h? i | 9, 482 
“yy aes : inne Saas Te 
EE SEER ee? ot REE eee. 
sisi } : PLE PE 92, 049 
| 
ea. 41, 536 aenionth: . aad 7, 2 
AE ieticanss SAGAN RNY ; 
188,720 | 962, 224 48, 658 | 1,765 | 1,012,647 | 5,571, 984 





1 Amounts distributed during the calendar year differ in many cases from actual collections because of undistributed balances and lag between accounts of colle< 


and expending agencies. 


In many States the proceeds of motor-fuel taxes, motor-vehicle fees, and motor-carrier taxes are placed in a common fund from which the distribution is made. | 


these cases the amounts distributed have been prorated in proportion to the receipts, not otherwise dedicated, from these 3 sources of revenue. 


See preceding tables 


3 Includes funds allotted for expenditure on urban extensions of State-highway system, where reported separately from other funds distributed for local roads and street 
4 County or local obligations assumed by State as reimbursement for local roads added to State system. 
5 In States indicated by star (*) law provides that allotments for work on local roads or streets may also be used for service of local highway obligations, but amour 


so used not reported separately. 


6 To State general funds unless otherwise noted. 


reported. 


7 For engineering expenses in connection with irrigation. 


Allocations to county or municipal general funds may have been used in part for highways, but such amounts 1 





DISPOSITION OF STATE MOTOR- 


{Compiled from reports 



















December 1936 P U B L | ; R 0 A D S 


CARRIER TAX RECEIPTS, 1935 


f State authorities] 
















For local roads and streets 5 












For other 
highway 
} purposes " af 
For work , 7 Service of park and php Nace tg State 
4 For work . 1 of! unem y 
on county xt mes local forest To general For For other hat 
} on city a a ¢ 1 ployment : i 
and local streets highway Total roads, funds gry education | purposes 
roads ” obligations et : 











,o citaaeetiadians aindeuiinies ‘ ...| Alabama. 
a eae aes —— $2 $215 Arizona. 
: Arkansas. 
282,510 | California. 
.| Colorado. 
103,375 | Connecticut. 
Delaware. 


















$4198 "42,454 | Florida. 
I ae 12 22, 442 33, 234 | Georgia. 
eseyes Idaho. 


ool .| Illinois 
Indiana. 
Iowa. 
Kansas. 
Kentucky. 
Louisiana. 
Maine. 
.| Maryland. 

7,688 | Massachusetts. 
080 | Michigan. 
Minnesota. 
Mississippi. 
Missouri. 

—— - - ‘ .| Montana. 
ir , ..| Nebraska. 

wees ail Nevada. 
= ; New Hampshire. 

..| New Jersey. 
. ‘ New Mexico. 
New York. 
212 | North Carolina. 

. a : . SS eae ee , ill cian : North Dakota. 
7 eee 5 ARES 122, 795 |... : eee Ohio. 

: oaicie : en SA ee cia EES Oklahoma. 
*99, 311 eaidiiasioes an oe 99, 311 1, 760 —* Oregon. 
pieces | es 130 1,032 | Pennsylvania. 
Uapieem Pen ‘ wh eS Rane! 2a. Pa : : Rhode Island. 

nated aie are 18 7, 275 fi ,275 | South Carolina. 

] _p eae : South Dakota. 
pneneis ‘mails SE A Fenn 76, 646 6, 803 7 83,522 Tennessee. 
ae ea Texas. 

Ses. Utah 

: Vermont. 






























IE Nicitidnciwasaniivgdines denne 34, 028° 




























on 26,497 | Virginia. 
. nile SEER) SEs Bere : REISE ERE: PE . Washington. 
16 2, 367 nec es oe Se 2, 367 |... ; aatelasaebtania West Virginia. 
3 a See li cate 1, 009, 671 009, 671 | Wisconsin. 
sibianinite : AES RAS A Le SEF PN es Wyoming. 
ee inisleiniin OPT ENE, PEARS ES piscina 20 166, 982 : . 66,982 | District of Columbia. 
1, 261, 232 130 169, 056 1, 430, 418 12, 707 2, 713, 451 f, 80: +, 198 7,070 2, 761, 522 Total. 








* For service of county and city bonds. 
* Funds allotted to counties for use on both State and local roads. 
° To cities and towns. 
! No special taxes on motor carriers reported. 
? For Confederate pensions and past-due teachers’ salaries, $22,405; for prison camps, $37 
Receipts from weight tax on motor carriers, $5,154, included in motor-vehicle receipts, preceding tat ; 
‘ Ton-mile and passenger-mile taxes paid by motor carriers in lieu of registration fees included in motor-vel receipt receding table 
‘ Adjustment includes $29,937, pro-rata share of temporary loan to general fund for relief purposes 
For county roads under State control. 
’ Pro-rata share of temporary loan to general fund for relief purposes. 
* To counties and cities. 
* Aviation projects. 
* To district of Columbia general fund 
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DISPOSITION OF RECEIPTS FROM STATE 


{Compiled from reports 





State 





TERETE SS ET 
Louisiana 
TEC EE ASE" 
AAIEE SESE. 
Massachusetts _..........-..--- 
BS « oncoccscese 
Minnesota... 
Mississippi......-.- 
Missouri 
Montana 
Nebraska 
SES 
New Hampshire 
A ETT 
New Mexico 
New York 25 





Ohio 





Oregon 
Pennsylvania 
Rhode Island 





Vermont. 
RS NES: 
TRAD 
West Virginia 
TTS 
Wyoming--_....._... See 
District of Columbia 


came paisinaiebitedais 





| 


. | Adjustments 
Net total | 
receipts of due to un- 











calendar — 
vear ! - ete! ° 

$13, 996, 855 —$18, 499 
4, 249, 138 —18, 512 
10, 793, 136 —15, 798 
52, 561,118 | —2,317, 466 

8, 51, 936 —34, 381 

11, 948, 042 —175, 283 
2, 553, 898 | 14 561, 169 
23, 072, 962 | —10, 813 
17, 318, 706 | —37, 604 
5, 081, 613 | —118, 426 | 
50, 823, 119 | 29, 032 
27, 930, 395 | —321, 814 
22, 294, 583 | —317, 823 
13, 324, 758 18, 992 

| 13,597, 315 | —62, 475 
12, 981, 491 | 567, 004 

| 7,829, 193 —2, 424 
| 12,731, 465 | —259, 198 
| 23, 704, 302 2, 824 
40, 778, 840 —189, 127 

| 18, 596, 459 | 214, 920 
9, 353, 476 —7, 729 

| 18, 604, 696 104, 781 
| 5, 248, 274 | 37, 340 
1, 126 

— 17, 496 

210 

—6, 032, 485 

} —17, 331 
—114, 118 
650, 433 

— 187, 978 

—1, 226, 714 
—387, 209 

—59, 695 

} —1, 289, 503 

56, 865 

—82, 657 

94, 483 

221, 397 

—87, 991 

—261, 315 

| 1, 427, 761 

| 137,428 

16, 249, 758 |.........._--. 
10, 983, 210 | —1, 741 

2 6, 260 —1, 168, 044 

2, 553, 073 | 80, 989 

| 3,274,417 | 374, 793 





Construc- 
tion, 
mainte- 
nance, and 
adminis- 
tration 4 





2, 740, 164 


~f 


1, 856, 242 
28, 001, 282 
4, 456, 691 
8, 275, 147 


| 
} | Expenses 
| f eo) 
Net total | of cok 
funds dis- — 
tributed adminis- 
| | tration 3 
| 
i = i “| a ” 
$13, 978,356 | $445,179 
4, 230,626 | 200, 065 
10, 777, 338 448, 059 
50, 243,652 | 2, 541,614 
8, 476, 555 486, 253 
| 11, 772, 759 894, 699 
3, 115, 067 52, 730 


| 23, 062, 149 
| 17, 281,012 

4, 963, 187 
50, 852, 151 
27, 608, 581 
21, 976, 760 
3, 343, 750 
534, 840 
548, 495 
826, 769 
2, 472, 267 
, 707, 126 
, 589, 713 
, 811, 379 
, 345, 747 
18, 709, 477 
285, 614 


, 400, 365 
562, 699 


, 064, 854 
153, 634 
, 566, 883 


60, 
16, 


205, 889 
148, 084 
| 11, 383, 584 
68, 128, 896 
5, O78, 507 
| 10, 562, 024 

6, 093, 363 

18, 885, 267 
| 49, 328, 577 
| 3,791, 085 
| 4,853, 647 
| 18, 492, 292 
| 16, 249, 758 


10, 981, 469 | 


27, 408, 216 
2, 634, 062 
| 3,649, 210 


, 809, 265 | 


, 880, 633 | 


, 610, 477 | 


_ 














| 950, 971, 158 | —10, 535, 048 


' 


940, 436, 110 


1, 778, 079 





1,! 
j,< 
| 705, 464 | 10,076, 478 
| 128,967 | 3, 100, 035 
72, 935 5, 945, 800 
32, 666 | 1, 263, 052 
| 109,914 | 3, 208, 487 
| 1, 194, 186 3, 343, 211 
f 286 1, 800, 291 
, Be 57 | 11,944,018 
353, 2 7, 979, 927 
| 157,016 | 1,739, 384 
1, 660, 017 | 20,909, 973 
817, 841 6, 936, 338 
441, 799 5, 108, 775 
| 1,601, 273 | 43, 866, 369 
201,417 | 3,813, 464 
| 236,095 fF 4,318, 978 
144,228 | 2, 482, 433 
427, 024 4, 990, 330 
| 1, 285, 306 | 21,345, 965 
| 139,204 | 2,805,713 
46,691 | 2, 584, 430 
| 525,363 | 10,922, 651 
| §49,971 | 6,671,974 
71, 927 , 582 
1, 331, 866 | 485, 808 
43, 792 | , 285 
| BED Enaccacewn 
31, 761, 144 | 538 


j 








1 Includes receipts from (1) motor-fuel taxes, (2) motor-vehicle fees and fines, and (3) special imposts on motor vehicles operated for hire (motor-carrier taxes 





preceding tables, which give distribution of these three classes of receipts separately. 
2 Amounts distributed during the calendar year differ in many cases from actual collections because of undistributed balances and lag between accounts of colle 


and expending agencies. 


$5, 853, 965 | 








For State highway purposes 

















| Service of State highway obligations | 
| 
State | : | Total for 
a State- Notes and | State 
highway State assumed other | highway 
police highway local short- Total | purposes 
bonds obliga- term 
tions § loans | 
| 
— -|— ———| - 
$375 O04 161, 7K O18 |...........2].-......... | $1, 728, 513 | $7, 755, 442 
(3 ee es Hee | eS 
86, 280 | 3, 643, 547 | $4, 055, 430 $93,311 | 7,792,288 | 9, 734, 810 
2, 068, 763 460, 000 |..... eT ire 460, 000 | 30, 530, 045 
8 4, 529, 819 
325, 000 SINS - ..| 86 
163, 759 89, 400 469, 930 | 25 
SE Nececceeukas 2, 452, 247 | 10, 
} YS St 4. 5 eee See 907,125 | 3,; 
893, 175 | 9, 081, 120 376, 789 |... 9, 457, 900 | 27, 
385, 227 sk “ , 1 13, 
;., —e ‘ 8, 114, 757 8, 114, 757 | 15, 
180, 640 1, 000, 000 |....-. 1,000,000 | 8, 
) | ae pee reeks | 12, 
342, 477 | 8, 365, 250 8, 365, 250 | 11, 
 (o 8 {aS |} 2,110,307 6, 
260, 699 | 2, 521, 146 <soant Spans 3: 
325, 000 715 305 25, 000 | 740,305 | 7, 
250, 000 | 4, 082, 060 covecee] GOR GS | 16, 7 
171, 409 | 2,122,000 | 1, 962, 820 |.......-.. 4, 084, 820 | 13, § 
506  * 
91 | 7, 635, 939 ‘ 7, 635, 939 | 17, 
72,540 | 804, 640 804,640 | 3, 
12, 500 j.... ‘ § 
22,813 | 67, 562 14, 272 81,834 | 1, 367, 66 
136, 700 731, 848 ai 4, 3 
PEE Livicncawenubiel = 10, 940, 862 
fn * * |) aaa faa : 3, 326, 721 
1, 149, 150 | 8, 737, 780 oN ees | 21, 830, 948 
248, 825 | 9, 146, 145 3, 007 =a | 17, 927, 904 
| =o ee are | 1, 766, 34: 
473, 346 aihiabisiita 21, 383, 319 
pecececce| cocccecccoce|soccaceece 6, 926, 338 
283, 256 | 3, 923, 391 = 3, 923, 391 9, 310, 422 
531, 849 | 6, 414, 693 ---| 6,414,693 | 51,812,911 
YS METIS 301, 876 4, 115, 34 
149, 26 1, 339, 386 3, 024, 084 652 | 4,364, 122 8, 832, 365 
: ‘ ~ a . 2, 482, 433 
190, 922 120,100 | 2,133,833 | 4,132,610 | 6,386,543 | 11, 567, 795 
308, 041 -| 8, 200, 061 8, 200, 061 | 29, 944, 067 
108, 668 737, 500 737,500 | 3,651, 881 
73, 309 949, 13 949, 131 3, 606, S7I 
194, 960 | 649, 679 649, 679 | 11, 767, 20 
507, 098 #0 97, 930 97, 930 7.3 
5 he 8) 6h 7, 248,016 | 10,021, 87 
ae 3, 815, 721 3,815,721 | 14, 301, 529 
45. 778 278, 000 a - : 278,000 | 1, 993, 06 
12, 104, 762 |93, 420, 736 36, 362,951 | 4, 251,573 (134, 035, 260 |522, 129, 5K 


Idaho, Maine, Michigan, Nebraska, Oregon, and Wyoming, and proceeds of tax on nonmotor-vehicle fuel in Ohio. 
* Includes expenses of collection and administration of motor-fuel tax, motor-vehicle fees, and motor-carrier taxes, and miscellaneous expenses of motor-vehicle reg 


streets. 


§ County or local obligations assumed by State as reimbursement for local roads added to State system 
6 In States indicated by star (*) law provides that allotments for work on local roads or streets may also be 


so used not reported separately 


7 In a number of States allotments for local road work may be used on city streets. 
§ To State general funds unless otherwise noted. 


reported. 
* To county and municipal 


general funds 


10 For engineering expenses in connection with irrigation 
" For service of county and city bonds 
12 Funds allotted to counties for use on both State and local roads. 


18 To cities and towns. 


4 State highway sinking fund transferred to general fund as a result of refunding operation whi 


18 Includes $8,256 to cities and towns. 
16 To Division of Airways, $15,616; Dade Memorial Park, $818 
17 For Confederate pensions and past-due teachers’ salaries, $2,000,000; prison camps, $3,322 
18 To ports of New Orleans and Lake Charles Harbor for harbor improvement 


1° To Conservation Department for oyster propagation, $75,000; Chesapeake Bay ferry companies, $48,727 


%” Debt service on nonhighway portion of emergency Public Works loan. 


1 Service of highway relief bonds, a State obligation incurred for improvement of local roads 


lc! repl iced 


used for sé 


DK 


Adjustments also include deduction of receipts not classed as highway-user imposts as follows 


no.f 





This column shows allotments which were reported separately. 
Allocations to county or municipal general funds may have been used in part for highways 


und bonds with serial bonds 


, but 


Proceeds of tax on gasoline used in aviatior 
‘ Includes funds allotted for expenditure on urban extensions of State highway system, where reported separately from other funds distributed for local roa 


rvice of local highway obligations, but ar 


See note 4 
such amount 


| 
| 














December 1936 PUBLIC ROADS 





IMPOSTS ON HIGHWAY USERS, 1935 


of State authorities} 










For local roads and streets 6 | 


For nonhighway purpose 


For other 
highway 












purposes . } 
For work | por work | Service of | (park and For relief State 
oncounty | * Me local | otal | forest To general funem- | For For other a 
and local | bach é highway otal roads, funds § Ploy mora Education | purpose total 
roads | Streets obligations | ete.) or desti- 


| | tution 











































































$5, 124, 552 : 9 $653, 183 $653, 183 | Alabama, 
983, 365 |__ ie t $186, 667 $5, 677 192,344 | Arizona. 
$81, 738 504, 469 | a a , Arkansas. 
$182, 161 , 15, 889, 483 | inetaanee 1, 268, 170 14, 340 l 10 | California 
2, 476, 206 | BS 730, 476 253, 801 Colorado 
-| 2,174, 538 3 13 103, 375 Connecticut 
} : 14 561, 169 561,169 | Delaware 
5, 266, 080 | 5, 266, 030 | 15 2, 560, 504 $4, 409, 557 6, 434 6, 986,495 | Florida. 
2, 963, 349 2, 615, 477 |!7 2, 003, 322 5, 582, 148 | Georgia. 
l,é | Idaho 
*6, 596, 832 | 289, 237 }, 512, 788 §, 703, 953 7, 505, 978 | Illinois 
2, 196, 427 2, 434, O17 2, 434,017 | Indiana. 
Iowa. 
= Kansas 
Kentucky 
é 434, 592 134, 592 869,184 | Louisiana 
915, 161 Maine. 
779, O19 2, 950, 062 642, 106 | 0 326, 461 23, 72 463,148 | Maryland 
3, 840, 500 | $871, 134 9, 688 734, 500 10, 262,188 | Massachusetts 
*22, 053, 997 161 52,161 | Michigan 
*3, 607, 644 09S 56,098 | Minnesota 
*4, 680, 245 7 775 | Mississippi 
35, 205 Missouri 
1, 151, 818 28,514 Montana 
*4, 243, 632 $21, 180 218 l 3, 218 | Nebraska. 
‘ Nevada. 
. New Hampshire. 
9, 690, 450 ] 4, 062 ] 2, 500 404, ( 5, 700,585 | New Jersey. 
146, 412 * S90, 432 390, 432 New Mexico. 
7, 250, 477 658, 526, 852 58, 526,852 | New York % 
6, 528, 280 1, 757, 462 , 757,462 | North Carolina 
781, 342 rr 905, 000 905, 776 North Dakota 
°22,, § 4, 920, 445 ), 487, 003 939 G23i ), 726, 633 Ohio 
, 899, 3, 228 re 3, 490, 778 3, 494, OOF Oklahoma 
*1, 600, 000 1, 600, 000 28, 363 Oregon 
"8, 345, 374 1, 118, 410 9, 463, 784 8Y, 883 1, 032 5, O86, 269 ‘73.744 5, le Pennsylvania 
671, 750 71, Rhode Island 
*1, 352, 684 1, 352, 684 140, 880 |. 140,880 | South Carolina. 
1, 030, 101 1, 030, 101 80, 000 114, 425 2, 242, 17¢ 2, 356, 601 | South Dakota. 
4, 232, Y78 4, 232, 978 76, 646 250, 000 2, 330, 824 2,657,470 | Tennessee 
*0, 809, 143 9, 809, 143 ‘ 8, 200, O€ 8, 290, 061 Texas. 
4 ' Utah 
1, 200, O86 le : Vermont 
} 7% 3, 497 2 2 28,849 | Virginia 
825, 287 825, 287 | Washington 
’ 2,392 | West Virginia. 
| 200, 000 | © 5, 7 





ORG 7 Wisconsin. 
W yoming 
District of Columbia 
















709, 748 1, 269, 380 86, 657, 644 16, 924. 803 30, 773, 14 12, 786, 619 147, 142, 209 Total. 
2? Includes $5,391,424 temporary loan to general fund for relief 
For service of institutional construction bonds, $434,468; Department of Commerce and Na‘ ion, $90,000, ke redit for excess allocations in 1934, (—) $120,445 
‘ To State general fund, $146,412; to county general funds, $244,020 
Appropriations out of general fund for highway purposes have been credited against payments of motor-fuel tax and motor-vehicle fees to the State general fund 


| prorated in proportion to net receipts not otherwise dedicated 
To State general fund efter crediting appropriations for highway purposes, $52,828,892; Nev 















¥ 1 OK ( Vv gene i, & 17.980 
For county roads under Siste control 
lo real estate bond and interesi fund, $900,000; Bureau of Criminal Identification, $5,000 
Law provided for partial diversion of county and township allotments to general fu 





d Amounts so used not reported separate 
Allotment from motor-fuel tax only. Municipal allotments from motor-vehicle fees not ré te 


















ed sep ) 
For hospitalization of indigent persons injured in motor-vehicle accidents. 
For service of general State debt. 
In computing adjustment, amounts loaned to general fund for relief purposes in 1934 and 1935, $7, 340,006 ‘ eet ied in the undistributed balances 
‘ For aircraft landing fields, $49, 845; cooperative work, other departments, $23,899. 
ro State general fund, $133,605; to counties and cities, $7,275. 
For payments on real-estate bonds 
’ Service of general-fund bonds, $2,116,489; Great Smoky Mountain Park bonds, $211,649; aviation projects, $2,686 
* For county roads under State control in all but three counties, $5,944,322; transferred to remaining three counties, $226, 168 
For aviation purposes. 
Debt service charges on $10,000,000 emergency relief bond issue prorated in proportion to allotments for State } way ocal roads, and nonhighway purposes. 
To cities 
Includes $1,509,671 to State general fund and $3,579,646 to towns, cities, and village eu of personal-property tax formerly imposed on motor vehicles 
* To District of Columbi 











general fund 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 








Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C. As his office is not connected with the 
Department and as the Department does not sell publications, 
please send no remittance to the United States Department of 
Agriculture. 


ANNUAL REPORTS 


Report of the Chief of the Bureau « 
5 cents. 


f Public Roads, 1924. 


Report of the Chief of the Bureau of 
5 cents. 


Public Roads, 1927. 


Report of the Chief of 
5 cents. 


Report of the Chief of 
10 cents. 


Report of the Chief of the Bureau of Public Roads, 
10 cents. 


Report of the Chief of the Bureau of Public Roads, 
5 cents. 


Report of the Chief of the Bureau of Public Roads, 


10 cents. 


the Bureau of Public Roads, 1928. 


Public Roads, 


the Bureau of 1929. 


1931. 
1933, 
1934. 


Report of the Chief of the Bureau of Public Roads, 1935. 


5 cents. 


DEPARTMENT BULLETINS 


No. 583D .. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 


No. 1279D .. Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 


TECHNICAL BULLETINS 


No. 55T... Highway Bridge Surveys. 20 cents. 
No. 265T ... Electrical Equipment on Movable Bridges. 


35 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 76MP .. The Results of Physical Tests of Road-Building 
25 cents. 


Rock. 












Federal Legislation and Regulations Relating to Highway 
Construction. 10 cents. 


Supplement No. | to Federal Legislation and Regulations 
Relating to Highway Construction. 5 cents. 


No. 191 .... Roadside Improvement. 
The Taxation of Motor Vehicles in 1932. 


10 cents. 
35 cents. 


An Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 


Highway Bond Calculations. 10 cents. 








Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 


SEPARATE REPRINT FROM THE YEARBOOK 
No. 1036Y .. Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 


Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 


Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 


Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 








A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in Pustic Roaps, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 





— 
_— 






































Loafoud M 404 
A Noa dO ZONV TIVE 



























NOILONALSNOD AOd GAAONddV 






























NOILONALSNOD AAC 

















































































aqaLlaldnoo 


















































SLNAWNOILYOddV 









































29 f ent 437 zr bis 9h 
‘ nt 3°h fy Bis t 192 2 PI an't e MEH 
‘ 2a ns nas’ 3° "Ts ns ur ) Puyid 
: f *tt 3 2 ‘ > nf >* 5 ° 22 ‘ ‘wy 
“ x aL" v % > : b* treet iT: pore Lea‘ nel‘ 
l 1S°S 525 hn a2 * ni 3 > ' ~ ‘ 3 g2°2 af2'nln'n et 
itt } *> {2a°h > In > n eh ** Dy > €1 o> rimtani'¢ "Citta 
ris‘tsz £92‘ mt nl l 25°0S L* nt on é l 1°/92 l nf 22 62° +. 3°) ‘ ‘ 1G) *aim® NANA 
3th int 219° 2né Gn" ° é ) 100° ané ¢) 19 7 JUOULIIA 
et6* -] * 62* 2 gt l 1On' 7602 { 31° l3° 2°! *a1°2 BOL* ROL H yan 
: Ws Os 3 ¢ ne ¥ t B® hon’ ee? *gln g*e 2 - “Tan %') *¢2 169 . >* >) ee? * a2 sexay 
1 in 91 a ¢° ¢ me lot O°16e GA *¢ (9S 26n's ¢£9"1 re ‘e 19° 26n's aossouua 
Ut an2'é ccrag L’nf €S1'6¢ — E2° in an G6S"6 2 161°9 abn’ 222" a' Ln0* fn’ L10" B07" YINog 
re ~ ni B6l* 24 * On t*2 4 } no's £6 L*n9 log‘ 6lt* 6¢ wis" n ‘2 »' eulfoseD YyyNog 
Py 9 n60*210° 301° 866" 1G*n s01'S pues] spoya 
i th n &22°s 32 t t2l°onl's $°96n'3 32 6S‘ 11 68'3 ‘Suu 
n n 2 69% 9° 19% 20° £26" 1 ¢62" l60°¢ 62°901° 3210 
3 > nl én 9 f Cot’ ie wen GEG n , u 
5 n git l n ¢ g gh nf "91 f nit l § arn’ Os BOLL t 
{3 g0n* € g Gis*o l 16 ¢° ¢ 1" 2n¢ 32S *t "6G." 6 . . net ¢ e®> YWoN 
nal’ £16°l yy 212° 29 lm6*tt ts 668° 22 1B’ 6¢ it nS £96 * nf 126° J it *of¢‘*22 A MON 
#iLi‘h 651° 8S 269° 6° 1°01 ti‘ € l 2S 128° , ‘2 6¢6* 261" oT MON 
261°S01 tee 3° 512°‘ stl ih mi 60n* a1S‘o2 700' 796" g 190°109"1 ls‘ *¢ 6£0° Ont *9 Aasiof MON 
CEL" 8R8'h hli'h ali’ €*s G6n ' OGE 6£9°606't dwepyy MaN 
rid 0S9°t L 00" G2 "00° 3°26 165° 292"2 Li6'SnS* epearn 
tl't #90'°S é 1£S*¢9 s‘l 229° hl Lo' 222 €*s10'1 69n' 709" ¢ 6's23'l Bysesqen 
aa l n 6° n’s . é *¢ rt . gnl'6in'/ euejuopy 
3 i nate 0 ; t a2* wt t tlt > 1°Ofm' ¢ va 7 06 “21 unoesipE 
t 3 4 f ¢ 96°¢ | 321° £59 h*t2l BS * 266 l22 *t oLS* Ble ' SISSIJAL 
90" ne 5° 2*/ 1 £o6'6ln 2¢a'1 260 'Sal' th 15S‘ Sen 696'9G69'01 t 
n° 2*1 ¢ 06/1‘ 6°99/ G6n' 192°9 
L9L‘ teh - ee 91h 02h 2°Sit 062°6S9‘2 Sjjasnyoesseyy 
3L£* acs 62an' l2 €°l €Sn* S22 €°S 2il*191 ini*29u S*aht 9Sn'O10't pue ey 
dtd 2 si0'8 ht OnS* 92 nt2*l ni2*22 G10*699'1 aureyy 
L9f* Hh mio’ in 2°s 2le*s2t n° nin’ 861 Gon’ a18 651° 266°2 aISINO’T 
n69' 8 6n9' 1 69S'8 o's £00' 6S L* Los loa‘ tls‘ GE i Bah Z ola" 196" tt Ayonjusy 
021'6S fn tt c2ki't 999' 966‘ h 009' 680‘ 0! 025° Lan‘'St sesuey 
192 66h is 2°222"1 198" L6l*h 006* %S0'O! 66‘ nSt'St emo] 
Son’ 21 #21'8S O*tt €6G' ne £20°621 org" int loz*tfl*h GSE * 968" €£m* O9C'St euerpuy 
605' Sr 8°21 O1'd oof * l£ a°St 211°390' | 602° 76S an9* \ "3201 gsi2°lis'l 261‘ £6891 196 gnl'S2 stout] 
o16's 6° 9g2'1 11L‘09 - nico’ 2s 61 S*00S 11S‘Gsi'2 296'Sin'h 1an'n20° 1 oyepl 
t 1£S° g*t aS£°S91 210‘ ne 6°18 2te'l9 689‘ 30h 1 L*tnl 9ln* 291s c6a* lite 969‘o12"tt B13109E) 
4 6cc'lg 00f' 9S o"h 699*ot2 616° $*Soft m9S' nt? 2 HiS*Sli's enl* 68's epLuold 
ng2 g*t n2S' Sol 19m‘ 601 ¢*s21 g21°Sis 08 S18"! 61 °089"2 asemeled 
we, te nSe* ln Sig g19°6S #19°6S O*nl try6* Zit" 692'8S1'2 LyS*HiS'n jNIVIuUOD 
oss na *t 619°9 0°69 1G8* ity’ f 129°0l8'9 g02*1S2" 11 opesojoD 
162°S2 022 g20°Sit L*3Sl 0869" £90' 2986'S 269°61S‘ o£ BIUsOsITeD 
us‘l2 nie*cr 6°01 oo2' 6at' if « o*n 166°21 1f2° ent €°619 inf o2t' € €60°£69°9 261*226'01 6n0' 82h" £ Get‘ enl*9 sesueqiy 
66£' H2 grt’ J 00S‘*21 00S‘21 6°2nS 9£0'S09"2 21S‘ 02'S 961‘ 186'2 GL6* 19°2 096* 1412'S euozuy 
068'92 $ Ga0'kt s G*2 262‘ 60£ ¢ g°S ore 6So @ 699'2S ¢ ill *n6e % 1°09 o6f* Hes" ¢ zat'not'ss s26'oRk'Sis 2ns'6Se'n s eCiole'ss eureqeiy 
1 spung spung spung sf spung F a tfét 
HOM IGN” 30M > 30a WW 920M 219 890M 19% a3e2'W S9I0M 19% , yas 2382] $910 > SqIOM "190 oD [eIOL eG “OL aunt y 
61 rf6l stot re61 £61 wnt Stor Peer PY 243 JO H¢ »S 
aLVLS 








(SANN4 $e6t) #€61 ‘81 ANAL AO LOV AHL Ad GNV (SGNNd ¢£61) 
NOLLONULSNOD AVON SHAOM JITANd SALVLS GALINN AO SALVIS LINawaand 


9861 ‘OL UAHINAAON AO SV 


LOV AMAAOOAN IVINLSNGNI TWNOILVN AHL AO +02 NOILOAS Ad GACIAONd SV 














Lhe ik feet la llega aca 





